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Introduction 

On March 1, 1954, an experimental thermo- 
nuclear device was exploded at the U. S. 
Atomic Energy Commission’s Eniwetok Prov- 
ing Grounds in the Marshall Islands. Following 

XC% the detonation, unexpected changes in the wind 
structure deposited radioactive materials on 
inhabited atolls and on ships of Joint Task 
Force 7, which was conducting the tests. 
Radiation surveys of the areas revealed radia- 
tion levels above permissible levels; therefore, 
evacuation was ordered, and was carried out 
as quickly as possible with the facilities avail- 
able to the Joint Teak Force. 

Although the calculated accumulated doses 
to these people were believed to be below 
levels that would produce serious injury or 
any mortality, the Commander of the Task 
Force requested the Department of Defense 
and the U. S. Atomic Energy Commission to 
organize a medical team to provide the best 
possible care of the exposed persons and to 
make a medical study of the exposures. 

The medical surveys of the Marshallese 
exposed to the fallout from the March 1, 1954 
nuclear test detonation at the Eniwetok 
Proving Ground, have been published under 
the editorship of Dr. Victor P. Bond,* Dr. 
Eugene P. Cronkite,1* who headed the first 
two surveys, and Dr. Robert Conard,l* who 
led the !&year follow-up study. The present 
report brings together the radiological data 

developed by the Joint Task Force 7, Applied 
Fisheries Laboratory of the University of 
Washiin, U. S. Naval Radiological Defense 
Laboratory, Health and Safety Laboratory, 
New York Operations Of&e of the Atomic 
Energy Commission, and the Office of Naval 
Research. 

This report was undertaken by Dr. Gordon 
M. Dunning at the request of the Atomic 
Energy Commission. Dr. Dunning at the 
time of the fallout, was a representative of the 
Division of Biology and Medicine, Atomic 
Energy Commission to Joint Task Force 7 
and participated in the early surveys and in 
the evacuation of the natives of Rongelap and 
Utirik Atolls to Kwajalein. 

It is hoped that this document will provide 
valuable information to those agencies and 
persons responsible for planning protection 
against radioactive fallout from whatever 
source. It not only gives a picture of the 
initial contamination, but in addition docu- 
ments the radioactive decay as it has occurred 
on the Rongelap Atoll over a. 2$year period 
and thus suggests the developing patterns of 
the transfer of radioactive materials from the 
soil and water into the food chain. 

CHARLES L. DUXHAM, M. D., Direclot 
Divhion of Biology and Mediei~ 
U. S. Atomic lhergy Commission 
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Preface and Acknowledgments 

Two to three days after the fallout on the 
Marshall Islands in March 1954, 82 people 
were evacuated from Rongelap end Ailigiuae 
Atolls and 154 from Utirik Island. In June of 
1954, the 154 personnel were returned to Utirik, 
and in the spring of 1957 the decision was made 
to return the Rongelapese to their home island. 
Since March 1954 periodic surveys have been 
made of these islands to investigate the degree 
of contamination. 

Soils and biological collections were made on 
and around the Marshall Islands by the Ap- 
plied Fisheries Laboratory (AFL) of the Uni- 
versity of Washington on March 26,1954, July 
16, 1954, December 8 and 18, 1954, January 
25-30, 1955, October 21-23, 1955, November 7,” 
1955, and July 23-24, 1956; by the Naval 
Radiological Defense Laboratory (NRDL) \on 
February 1955 and February 1956. Analyses 
of the samples also were performed by AFL, 
NRDL and by the Health and Safety Labora- 
tory (HASL) of the Atomic Energy Commis- 
sion. Surveys were also made of residual 
activity in the Pacific Ocean by Health and 
Safety Laboratory of the AEC and Office of 
Naval Research in February-May 1955; by 
the Applied Fisheries Laboratory in June and 
September 1956. In addition, teams of medical 
experts from the United States examined and 
cared for the Marsha&se following their 
exposure in March 1954, and returned to re- 
examine the Rongelapese at about six months, 
one year, and two years after exposure. 

The purpose of this report is to abstract the 
highlights of the data from these investigations. 
In doing so there is the risk of unintentionally 
quoting the original reports out of context. It 
should be understood that the original authors 
are not responsible for any such violations and 
if there be any question it is recommended that 
reference be made to the basic documents (see 
references). 

The following personnel participated in the 
field expeditions : 

Ma& $6,1964 ( USS Nidmb, DDE 449). 

Applied Fisheries Laboratory: Dr. Lauren R. 
Donaldson, Director, Dr. Edward E. Held, 
Dr. Ralph F. Palumbo, Mr. Paul R. Olson, and 
Major Charles Barnes, USAF on assignment 
from the Air Force Veterinary Corps to the 
Applied Fisheries Laboratory. 

In addition, Dr. Thomas Shipmsn, Dr. 
Thomas N. White,* P. R. Schivone, and W. W. 
Robbii accompanied the expedition to aid the 
natives in capturing some of their animals on 
Rongelap Island end to make radiation read- 
ings on some of the ifdands in the southern part 
of the atoll. 

Apt-2 13,1964 (SA-16 Nawl Aitcra$). 

U. S. Naval Radiological Defense Laboratory 
and Naval Medical Research Institute: Dr. 
Stanton Cohn, Lt. R. S. Farr, P. E. Thompson 
HMC, J. C. Hendrie, HML, and J. Flannigan, 
NMl. 

July 16,1964. (U. S. Nagy @ruman Alba@oss, 
ASR-16, No. X.)2). 

Applied Fisheries Laboratory : Dr. Lauren R. 
Donaldson, Director, Dr. Frank G. Lowman, 
Dr. Arthur D. Welander and Lt. Commander 
Clarence F. Pautzke, USNR Aquatic biologist 
on active duty status for special training. 

December 8,1964 (U. S. N. PBM No. 8471). 

Applied Fisheries Laboratory: Dr. Edward 
E. Held, Mr. Paul R. Olson. AEC Division of 
Biology and Medicine: Dr. Walter D. Claus, 
AEC Radiological Safety Of&em, Mr. Robert 
Taylor and Mr. William Blakeman. 

. 
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December 18,1964 (U. S. N. PBM No. $471). 

Applied Fisheries Laboratory, Dr. Lauren R. 
Donaldson, Director, Dr. Edward E. Held, Mr. 
Paul R. Olson, and Dr. Jared Davis, entomol- 
ogist onloan to the Applied Fisheries Labora- 
tory, from General Electric, Radiological 
Sciences, Aquatic Biology Group, Richland, 
Washington. 

Mr. Robert Rinehart and Mr. Paul Zigman, 
NRDL, accompanied the expedition. 

January 25-30, 1955 (CT. S. Nay 0. G. “Rio 
G?Ud?‘). 

U. S. Naval Radiological Defense Labora- 
tory: Robert W. Rinehart, Evan C. Evans 
III, Joseph K. Gong, George M. Neufler, Lt. 
(jg) USNR, and William G. Murray. Applied 
Fisheries Laboratory: Dr. Allyn H. Seymour 
and Dr. Frank G. Lowman. 

October %ldS, 1955 (L. S. T. 664). 

Applied Fisheries Laboratory, Dr. Allyn H. 
Seymour, Dr. Edward E. Held, Dr. Kelshaw 
Bonham and Dr. Frank G. Lowman. 

November 7, 1955 (U. S. Nay PBM 612). 

Applied Fisheries Laboratory Dr. Allyn H. 
Seymour and Dr. Edward E. Held. 

February 7-14, 1966. 

U. S. Naval Radiological Defense Labora- 
tory: Dr. Edward R. Thompkins, Evan C. 
Evans III, William T. Pflueger, Capt USA, 
Joseph K. Gong, and Walter L. Milne. U. S. 
Geological Survey, Department of Interior: 
Dr. F. R. Fosberg. 

July Ck34, 1956 (U. S. Nay Gruman Alba- 
koss) . 

Applied Fisheries Laboratory : Dr. Lauren R . 
Donaldson, Mr. Paul R. Olson and Dr. Arthur 
D. Welander. 

The processing of the material and analyses 
of the data at the Applied Fisheries Laboratory 
were shared by the following staff members: 
Dr. Lauren R. Donaldson, Director, Allyn H. 

Seymour, Mary Ash &ii-d, Kelshaw Bonham, 
Grace C. Brewer, &neon T. Cantril, Marion L- 
Chase, Edward E. Held, Neal 0. Hines, Frank 
G. Lowman, Paul R. Olson, Ralph F. Palumbo, 
Dorothy South and Arthur D. Welander. 

4 
: 

At the U. S. Naval Radiological Defense 
Laboratory: Mr. R. W. Rinehart, assisted by 
Mr. John A. Seiler and Mr. William H. Shipman 
were responsible for laboratory analysis of 
samples and evaluation of data in 1955, and 
were joined in this work in 1956 by Dr. Herbert 
V. Weiss. In addition to his field participation, 
Mr. Gong was responsible for preparation of 
samples and evaluation of data in 1955 and was 
joined in this work by Mr. Milne in 1956. Dr. 
Minoru Honma, Maurice J. Brau, HN, USN, 
and Phillip &none, HM3, USN, assisted in 
the 1956 analytical determinations. Mr. Wil- 
liam Murray performed the photographic 
services in 1955. During both years, Captain 
Albert R. Behnke (MC) USN, served as 
scientific advisor; Dr. Stanton H. Cohn as 
senior investigator for planning of the field 
trips and for analysis of biological data; Mr. 
Paul E. Zigman, as senior investigator for 
planning and analysis of chemical data. The 
divers that assisted in the 1956 survey were Lt. 
P. L. Schlegel, USNR, of Underwater Demo- 
lition Team 11, and Q. D. Dennison, QMl, 
USN, of Underwater Demolition Team 12, 
both of U. S. Naval Amphibian Base, Coronado, 
California. 

The general concepts of Operation Troll were 
discussed at an ad hoc meeting in Washington, 
D. C., on January 12, 1955. The following 
were present: Dr. A. C. Vine, Woods Hole 
Oceanographic Institute, Dr. J. Isaacs, Scripps 
Inst,itution of Oceanography, Dr. T. Folsom, 
Scripps Institution of Oceanography, htr. F. 
Jennings, Scripps Institution of Oceanography, 
Dr. J. Smith, Oflice of Naval Research, Mr. J. 
Kane, 051~ of Naval Research and Mr. H. D. 
Levine, Health and Safety Laboratory, AEC. 

The detailed planning was worked out among 
Mr. J. Smith and Mr. J. Kane of the O&e of 
Naval Research, Dr. Warren S. Wooster of 
Scripps Institution of Oceanography, Mr. 
Howard Brown and Dr. Willis R. Boss of the 
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Division of Biology and Medicine, AEC and 
Mr. Merril Eieenbud and Dr. John Harley of 
the Health .and Safety Laboratory, New York 
Operations O&e. 

The. senior personnel at sea were Dr. John 
Harley as Project Leader, Dr. Wooster as 
Oceanographer and Dr. Allyn H. Seymour of 
the Applied Fisheries Laboratory, University 
of Washington m mtie biologist. 

The chemical analyses at the Health and 
Safety Laboratory were performed by Edward 
Hardy, Gerald Hamada and William Collins 
under the direction of Dr. John Harley. 

The init,ial team from the United States thnt 
examined and cared for the Marshallese who 
had been evacuated to Kwajalein were: Doctors 
E. P. Cronkite, R. A. Conard, N. R. Shulman, 
and R. S. Farr from the Naval Medical Re- 
search Institute, Dr. V. P. Bond and Lt. Com- 
mander L. J. Smith from the U. S. Naval 
Radiological Defense Laboratory, Dr. C. L. 
Dunham, AEC, and Dr. G. V. LeRoy, Con- 
sultant to AEC, and Lt. Col. L. E. Browning, 
M. C. from the Armed Forces Special Weapons 

Project. Before the arrival of the team, pre- 
limimq care and studies had been initiated by 
the station medical officer, Commander W. S. 
Hall. Doctors T. L. Shipman, Thomas White,’ 
and Payne Harris of the Los Alamos Scientific 
Laboratory performed the urinalyses. 

The six months medical survey was conducted 
by Drs. V. P. Bond, R. A. Conard, J. S. Robert- 
son and E. A. Weden, Jr., and the twelve 
months medical survey was conducted by Drs. 
E. P. Cronkite, C. L. Dunham, David Grif%n 
(USNRDL), S. D. McPherson (KMRI) and 
Kent T. Woodward (Field Command, A_FSWP) . 
The two year medical survey was performed by 
Drs. R. A. Canard, Bradford Cannon, C. E. 
Huggins (USNR), J. B. Richards (USNR), and 
Austin Lowery (USA) wit,h the technical as- 
sistance of C. P. A. Strome, W. K. Border, 
J. W. Hamby, L. D. Snow, W. G. Clutter, 
and C. D. Severson (all USN). 

Special appreciation is expressed to Violet 
M. McCarthy for the secretarial work in 
preparing this report. 
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CHAPTER I 

External Gamma -Radiation 

GAMMA DOSE RATES ~~~~t&enperiodi~tJl~on 

several islands in the Pa&c over a time ranging 
from about two days to more than two years. 
The attached map is an estimate of the gamma 
dose ratea at three feet above the ground at 
D+ 1 (one day after the detonation on March 
1, 1954). A very rough approximation of the 
degree of contamination may be made by divid- 
ing these readings by four to arrive at, units of 
gamma megacuries per square mile. (The beta 
to gamma ratio varies with time but at one day 
may be near unity, so these values may also be 
thought of as beta activities.) However, the 
gamma dose rates do indicate the relutive de- 
grees of contamina.tion on the islands, there- 
fore are useful in this respect when evaluating 
the data in subsequent sections of this report. 

Graph 1 shows the decay with time of gamma 
dose rates on the Island of Rongelap. Similar 
decay curvea were found on other islands in the 
Atoll and in nearby Atolls (Ailinginae and 
Rongerik) . The decay of activity of mixed 
fission products is assumed to follow (time)-*** 
principle. This is intended to apply to disin- 
tegraCons of atoms. However, in estimating 
the reduction of gamma dose rates above a 
plane with time there must be considered the 
changing numbers and energy spectra of gamma 
photons released per disintegration, and the 
&e&s of weathering. When computing the in- 
finity radiation dos.~ from fallout that occurs 
within a few hours after detonation, integration 
of the (time)-l.* curve gives a fair approxima- 

tion since most of this total dose is accumulated 
during the early periods when this curve lies 
near the theoretical gamma decay curve. How- 
ever, in extrapolating by (time)-LL there may 
be a. significant diflerence in estimating dose 
tates a year or more after detonation and in 
estimating doses that might occur at these later 
pWiOdE4. 

During the &st two weeks after fallout there 
was no rainfall and the winds were light. About 
the end of the second week a tropical storm 
occurred. For these reasons, a straight line 
was drawn for the first two weeks followed by 
a break in the curve. The readings are not to 
be considered precise, due to the nature of such 
measurements, but the curves suggest that 
whatever was the reduction of gamma dose 
ratea by weathering, it occurred principally 
with the. first heavy rainfalls. Except for the 
last data point on Graph 1 for the Island of 
Rongelap, which may be somewhat high, the 
actual and theoretical decay curve8 correspond 
fairly well. 

The theoretical curve of Graph 1 would flatten 
out with time due to the dominance of Cesium- 
137 with its 27 year half-life. The last survey 
of Rongelap Island in late July 1956 indicates 
a range of gamma dose rates at three feet above 
the ground of 0.2-0.5 milliroentgens per hour 
with an average of 0.4 mr/hr. These values are 
higher than suggested by Graph 1 and are due 
to the small additional fallout resulting from 
Operat.ion Redwing (Spring and Summer 1956). 

. 
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CHAPTER II 

Gross Activity 

A. Land Planfs 

Graphs 2 and 3 indicate the general levels of 
activity of edible plants (pandarius, papaya, 
breadfruit, arrowroot), and coconut meat and 
milk at Rongelsp Atoll together with their 
decline of activity with time.‘* ’ 

Tables 1 snd 2 show. the 8nalyses made by 
NRDL for their first survey in February 1955.’ 
Table 3 is based on the February 1956 survey.’ 

Tables 4, 5 and 6 show the analyses by 
HASL.‘, 6 

The high initial activity of the “edible plants” 
(Graph 2) was probably due to surface contami- 
n8tion caused by the direct fallout. The rise 
in activity after 8 year after the f8hout occurred 
may be due to (a) sampling and counting vari- 
ances, (b) the abiity of some plants to con- 
centrate Gs’“’ (see Section Radiochemical An- 
alysis), (c) the increased availability of the 
radioactive fallout material to the plants, or(d) a 
combination of these factim. Initially the ac- 
tivity in the coconut milk and meat was less 
than other edible plants, but the rate of decline 
of activity has been less than for other edible 
lsnd plants due principally to the higher per- 
centage uptake of this longer-lived Cds7. 

Table I-Summary of Gross Beta Activity in Miscellaneous PIant Samples’ 

AVEMGL ACXTVITY GJP x 103 l b 

PLAN? MATIIUU Im.Am 

L&lop Utlrfk Ftauulap Bun& Enlhok Lnbredj 
------- 

orasl.______.___.________._. 40 4w moo 00 am lmo 
coconat Id.____ ____ _______ -_______ 1100 __________ ________ __________ ‘so 
OooonntlYondcte.m.- _____ ________ ______ ____ __________ ________ __________ __________ 
ooamnt sbe.lL_________--_ _.______ -________- __________ _ _______ __________ __________ 
oQamllt husk______________ l. 7 l.6 63 ____ ____ -_________ _____-____ 

coaonnt 8pKmt_____________ -_______ -_______-_ % _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
Epruoted ommnt roota_____ _.______ -_________ 12 _______. __________ -_. _-_____ 
&sevola kd________________ - _______ -________- __________ ________ __________ __________ 
Biaevok trmlk mutbn ______ - --__--- - --------- --__-_-_-_ -----___ --_----___ -_-_______ 
Anuw?oot Item____________ -_______ __________ 19 ---_____ --________ __________ 

&nwmot hai____________._ -_______ -_________ 6l ____ ____ __________ __________ 

PU?ilpkill___________________ 40 __________ I ________ ____ ______ _-_-______ 

IdmeT_________________ _____ to --_--_-_-- --___-__-_ ----_--_ --___-____ __________ 

Rro._______________________ Ll -_________ ________-_ ________ __________ __________ 

Bmum_____________.___ ____ 46 ______ ____ ___ ______ _ ________ __________ __________ 
vlna.______________________ -_____-_ __________ -_______-_ ________ -_________ __________ 

6 



6 aaDIOAtXIl%CONT~Al'IOti OFAREABmTEE PACIFIC OCEAN~OMNUCLEARTEST6 

L 

25 

FISH LIVER 

loo 

IO 

1 

0.1 

100 

10 

1 

0.1 

100 

I 

BIRD LIVER 

COCONUT MILK 

DAYS AFTER MARCH 1,1954 

RATE OF DECLINE OF RADIOACTIVITY IN FOOD ITM FROhI COLLECTIONS AT 
_ &DNGE&AP A_TO&L BETWEE)! YARCH 26,1954 A)CD DCTDBER 22.23,1955. (AFL) 

I 
i 
j 
, 

i 

I 

I 

i 

I 
, 

I 

! 



I 

I 

ISLAND SOIL 

I I I I I 

10 25 135 280 600 10 25 135 330 600 

Gmpb 3 

NC/KG WET 

Q,@O loo 

.ooO 10 

00 1 

0 0.1 

I 0.01 

COCONUT MILK 

D.1 0.001 

DAYS AFTER MARCH 1,1954 

RATE OF DECLINE OF RADIOACTIYITY IN ALGAE AND SOILS AND COCONUT MEAT 
AND MILK AT RONGELAP ATOLL FROM MARCH 26,1954 TO OCTOBER 23,1955. 



8 BADIOAClTVE CONTAMJNATIOi OF AREAS IN TEE PACIFIC OCEAN FBOM NWX.iEAR TESTS 

Table 2-Summary of Gross Beta Activity in Major Plant Foods (NRDL) l 

-‘_ 

Atoll lhrld Arrownot Braadhntt 

Lfkkp_______.____ ___.....___ ______ Lmep.._.__ ______ _____ _____ ________ 
uwit___._____________-_________- utktk-_----_-_-_----_____ 
B4llge~P_-__-- ----_--- ___-_ ----- ROIlgelep________-__________________ 
Bonpelap______.______---__________ Bnscb__.__..__..____________________ 
ROLIgeklp-__--_ ------- ______ ---- Bnteet0k_______-___________________ 
ROIIgelep__.____---_ ---_ ________- ~abared]_.-__-_--______._--_.--.____ 
BO~&P_________----_____--_ Kebelle.___--_-_________-_.-____ 
BoDgelap________-_---_______-_ 
ROUg&p______-_ ------- ___ ------- osJen______-_______________________ 
BOD&!ehp________-----_---.--- Lomull&-_-----_-____ ---_--- _____ 
B~_______________-_-________- 

- --- --- ---- 
----------- 
----------- 
- - - - -- -- - - - 
----------- 

no __--------- 
180 ___________ 

l Wet welght. 

Pandenne 

Lf 
6.0 

!m 
la 
w 

---------- 
lKl 

.......... 

.......... 

Me& 
-- 

6.6 16 
0.0 26 

n Q.6 
----------- 80 
-_____----- I2 
______-__-- 18 
______----- 16 
____-_----- 18 
___-------- 72 
----------- 19 
______----- 6.0 
___-------- 7.6 

8.0 
P6 
0.6 

11 
l2 
la 
lQ 
16 
25 
83 
LO 
9.4 

b Aa determined on bda UIOI etandmla and emplrlcd scderlng and abaorpticm mrrectlone. 
Wdktlone made aboat February l,lQ55. Deta reported &s of Mercb 1,lW. 
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_________._ ____________ ___________, 
0.11 0.05 a 18 
a15 _________--- a06 
0.80 ______ ------ a67 
au1 au au 

___________ ___________ ___________ 
0.76 a79 0.7l 
0.40 au am 
a41 ass 0.16 
L67 a66 0.66 
0.66 __________-_ 0.64 
a61 ------------ a23 

---___-_-__ ------------ ----------- 
___---_--__ ------------_-___------ 
----------------------- _---------- 
_____--_-__ ___________- ____------- 
----------- ------------ ----------- 
-----------_-______---- ----------- 

- 

.- 

. . 

- ._ 
-. 

- -. 

- . . 
- . 
. ., 
-. 
- ., 
- ., 
- 

utlrtk 

l.Tl 
__........ 

al4 
a06 
aa 
aoD 
ao7 
ali 
aw 
al6 
a12 
aon 
a06 
a21 

.--------- 

.____----- 
a07 
ace 
a 11 

.--------- 
a 11 
0.07 
a04 
am 
01.7 
a08 

._________ 

._________ 
__________ 
_________. 
__________ 
_________- 

Lh3 
0.03 
ao3 
ao2 
a03 
a03 
a02 

~--_-_----- 
a04 
a06 
a67 
ao6 
a02 
aoo 

.-_____-_-- 
aos 
aoa 
aoo 
aoz 

.-____----- 
aoo 
a06 
aa 
a07 
166 
ail 

__-_____ 
a06 
0.07 
Ql8 
a06 
alo 

l All coants were mrrected for the Oountlng effichcy of &“-I”‘. 
b Or05 beta actl~tty of plant ramples wm detezmh& In April 1956 and that of mll end wet-s tn May 1956. 

_ 



“EL *-- . YCU 
No. 

8171......... A8JJ49 

8172__ _______ A 4042 

81TD . . . . . . . . . AM.29 

217X . . . . . . . . A lb342 

8177. . . . . . . . . Ao2.64 

817l..._..... A al-71 

816R_....... A 142 

221&62l7_... A 46.40 

0B0AmEY Tl&la 

Papry&.._. I P&l . ..__... 

_...do.._.... Prrlp sad 
mad. 

. . . ..do _.__._. I Ekh ..__.__. 

. .._do__..... 13ede__..... I 
Morhdr._.. Edrn...... I 
Afvowmot._ I oom ..__ .._. 

8qua&....._ Law6 md 
nowanl. 

Pwdeum~... Enth...... 

__. 

Table 4-HASL Analyses (AFL Surplus) 

VEOETATION 

Ran#&p_. _ 

_.._do....-. 

. . ..do __... _. 

.._.do _...... 

. .._do....... 

. . ..do....-. 

_.__do __..... 

.-do _._..__ 

OOLLEO 
RON 

DATZ 

lO.22.66 

lw22.66 

lo-S66 

10.22.66 

10-22.66 

10-22.66 

10.22.66 

10.22.66 

RSYABKE 

6 fruIta-ritleqe men, &lo nnd 
mods removed: dried rt 
060 0. 

Hahn ftom 2 fratts, vllls6a 
ceeaz emdo removed: drlad 
at 960 0. 

Pechd rrom 6 frult#, rlllage 
are% dried at 96’ 0. 

8 fm1t.6, rlllrge uen: dried rt 
960 a. 

Pealed totmm, 6nLl mmoved. 
YlllqpJ aen: whed rt 6600 0. 

Vlllngr~ area. plant In blossom 
but IIO fruft: drkul at 96’ 0. 

Port of 6 hultr horn 6 treed. 
rnlag8 arw. 

ALOAE 

= 

I E. u. 

aon 

0.037 1611 3~74 

0.076 

0.169 

o.aM 

0. cua 

wet 

6n.!l* 0.8 416 h 4.8 

106 i 1.0 740*7.0 

2l.OzkO.6 

02.9 * 1.0 

22.8 * 1.9 

102 h 1.1 

24 &I.0 

64.4 f 0.6 

ML 1.6 

MI* 6.4 

‘Zllll 7.6 

. . .._...... 

697 t 18 

._._ . .._.._. 

wet 

0.4lkO.92 

1.2aaJ.oll 

O.wMO7 

0.8239X04 

1.12M. IB 

a. 6kkO. 62 

6.72aJ.46 

2.67M.07 

Ll7&k 0.14 

Lo& 0.29 

6.9&h 0.42 

1.76h 0.26 

o.pt 0.67 

_............ 

n.azt4.27 

. . . . . . . . . . . . . 

2164. ........ Al09 .a. .......................... Rongls~ ... 10.22.66 

2166 ......... A 110 ................................. do ....... IOCUM 

II I I I 

From~mllllvlnnge,epedo3 
undelned: d&d at 96’ 0. 

From well IO rfllye (taken 
from 6ldmbeIow water level) 
#tmclea nndsdned: drkd at 
96O 0. 

9411 &al 

632 *It 

46440 *42JJ 

2140 rt 72 

9.7Xt9.86 70.0 &67. 2 

6.9Oh2.14 67.7 Ul. 7 
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Table 6-Results of Analyses Performed at HASL 

11 

Per- Par- 
ant cant 
BP osla 

a85 ______ 

a26 44 
_ _ _ _ _ _ _ _ _ __ _ _ 
0.62 --____ 
0.648 ______ 
Ll ______ 
an ______ 
ac44 ______ 
5.8 ______ 
0.45 ______ 
0.62 a8 
_ _ _ _ _ _ - _ _ _ _ _ _ 
______ _ _____ 
L2 83 
an a 
o.ao 25 
an 61 
a64 66 

-_____- 52 

0.11 Ml0 
____ ______ _-. 
0.14 M.Ci% 

0.047M. OSQ 
0.7D ZtO.04 
0. WM. 071 
O.c@3osl.w 
27 M.l 
0.046M 02 
0.26 M. 11 

so. 16 
lwt 

8.6 M.15 
L4 ho.82 
0.20 M.DB 
0.10 M.03 
a22 a.06 

so. 1s 

26ha7 

43fL 7 
7&l. 7 
26ztO.r 
Qaf2 2 
26kl. 7 
&to. 7 
87zt21 
61f2 0 
lozta. 7 
42*1. Q 
rloztl.6 

lost 
i?oofC 1 
180f8.8 
67f2 1 
5Qk2.2 
S&L6 

7. ahi. I 

a00022 

a00029 
a06038 
a00013 
am61 
a06m 
o.Oau5 
amozo 
0.0066 
ClC#31 
O.OOOlO 
a 00010 
_ _ _ _ _ _ _ - 
0.0012 
am 
eOoo66 
am26 
am 
0.60076 

1 Cuta? and fn- 4-17-56 
I&mgeJap__ oooJnut.___ Mrh3ll. 

Muk..___._.__. 4-17-56 

I 

Oats ha&____. 4-17-56 
._-do _____ --.do.-__. Inuer&eJl_._- 4-17-56 

MeatandmlIt 4-17-56 

I 

Oatm bask_-- 4-17-56 
.-do-_ --.do-.___ InnerrheJl_._.. 4-17-56 

Meatmdmllk 4-17-56 
utIrJk_- __ -__.do.-__- Entke___.._.__ 4-17-56 
LJHep._.- ._.._do_.____. __...do_________. 4-17-56 
Box@.ap__ Psndmm... _._-do.----_ 4-U-56 
.-__do-_._. _-__do-._- __._.do__________ 4-U-56 
..-.do_-- Arrowroot_._ ____ do..___-- 4-U-56 
Cagen-. __ .___,do._.__- ._-.do.__.____._ 4-14-56 
EnJwetuk- _ . .._do--- ___-do-__--- 4-14-56 
Enlsetat-. .____do_.___- _....do______.-_ 4-U-56 
8lfo__-_- _--do--- _--do---_- 4-M-56 
UtlrLk-__- __.._do_-____ __.-do____._.-_ tl4-56 
LkJep..-. -.-do...-._ _-__do_.___-- MC18 

ao* 2l 

.___________. 
(BMZlO 

2140*1806 
a75* 21 
245f216 
lB6f Q6 
104f 4.7 
677f 2Q 

11W%lO 
<7w 

.-________-_. 
lsiof 67 
105&6m 
155f 45 
a& 5.2 

amztQ10 
95 

*C-Dab: Date of cmntJng. l BumJllne unit - 0.601 *c @@/kg 0% 

B. Marine Organisms and Birds Tables 7,8, and 9 report the results of NRDL 
analyses for the February 1955 survey.a Tables 

Graph 2 indicates the general level of 10, 11, and 12 are for the February 1956 
activity in fish at Rongelap Atoll and the survey.4 Tables 13 and 14 show the analyses 
decline of activity with time.’ by HASL.s* 8 

Table 7-Summary of Beta and Gamma Activity Concentration in Fish and Marine Invertebrates 
@-=W * 

a22 
.054 

a23 

._____ 

a02 

___- 

4 LM 
a are 

______ _______ 

1 a12 

2 O.%Q 

1.25 2 IQ.1 A6 
L76 -(d) ________ ________ 

_---m-m -_____-- -_______ _-______ 

------- -_____-- -_______ _-----__ 

Bongelap Atok 
North Lapoon___._________.______________ 8 
Boatb L0won_______._____________________ 2 

Bangarit Atoll: 

EnlwetaL_._____________-________________ 2 
UtfrJk Atoll: 

Utilik___.__-_-__ ____ ___________________ --- ---- 
LJklep AtolJ: 

LIkiep_-----. _____ _______ __________ _ 1 
Blhr Atoll: 

BJkar____-________-__-___-_--_-_- _______ 

a26 

a01 

______, 

a85 ________ ________ ________ 

I I I 
al0 ________ ________ ________ 

(d p2 (~8 ln term of C# eqatvalent. (b) >I50 g. (0) <15cl 2. (4) No dsta taken. 

l CoJkctior.s mwle about F&rum-y 1,1955. Data reported m of March 1,1955. 
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The data show a Ggnificant higher concen- Tables 9 and 12 show the groee actitity in 
tration of gross activity in the livers of Ii& birds and fowls?* 4 
and in the crustacean mutxles. 

Table ~&-Distribution of Gross Beta and Gamma Activity in Tissues of Large Fish ’ (NRDL)* 

ordaa. arat Pleb wltb otange scan._______.___.__.______ 
I NQth ~_~~~~_:___:....________________________ 

__ __________-__-______-~~--~~~ 

AGO_.________._______________________ ___________ 
PemellW d tow ~~...-..._________________________ I 

601 196 nr 2.5 
ml a43cm 6 

891 33 bm 4 

118 I l2 

.___._____l____._1_.____l 106 

I I I 

IIJLAmmRsn 

L,roo 112 690 19 
aoath&& lagoon Lrrtinlas.__._________.____.___.__._____ Zl70 69 613 26 

Bed ~~_________..._______________ loco 108 339 12 I- --- 
A~.__..____...___________________________.______ l,ssO I 431 19 

Pe!fwageof total ~~~..___._..__________._____________._~_._~~.~ ______ ______ 19.3 

- 
7 

- 

24 

69 
68 
- 

M 

9.2 

16 
w 
30 
- 

40 
83 

39 
I3 
- 

26 
u7 

- 

l8 
9 
9 

- 
12 
10.0 

14 
19 1 
14 1 
- __ 

16 1 
16.7 

49 
a 

- __ 

26 
1b.S 

- - 

om 

8 r 
-- 

7 16 
2 10 
a 17 

4 16 
3.5 27 

4 33 
6 51 
8 27 

6 37 
as 7.7 

8 10 
1 a 

5 7 
3.2 a.4 

23 
87 
a 

- 
24 

!UO 

84 
1 

l2 
- 

16 
16.7 

M 
LI 
- 

il(i 
820 

- 

2ca 
04 
00 

- 

l31 

a8 

140 
ll% 
MI 

ll3 
Xb 

140 
l9 

80 
39.2 

- 
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Table p-summary of the Gross Beta and Gamma Activity in Birds and Fowl l 

&oaqrhPM 

~7bnu_.___.-_._* ______---- 
Qut-__-___._______-_____~ ._____~. 
Ttbh_______.____-._ ______ ------. 

____________________--- -_-_--_. 

abeBe-zbu__________.__.._ ____ s 
Out-_____.___._.____-________ _______. 
Tlbte _____ _-___-____-_______ _______. 
Moe__-____________________ _______. 

_-___________-___.-___ _______. 

Lidma--Tmu___ _____ ___________ 
Out ______ __-________-_____ ______:. 
Tlble --________________ ____-_ ______. 

RougelepRoortn _._________ -_____ 1 
8kehm ______ - _____________ _ _______. 
Mude ____ _ ____ _ ____ - ______ _ _______. 
T%aEra --____ -_-- _____ ___ 
LlvrR__--_--_ _________ ___ ________ 

l rcua!utemsafwaQnlvalellt. 
’ No detectable activity. 
.No&tatahs 

-- 

168 _____ _ _. 
__-_____ 4b 
-_______ 10 
______-_ 107 

S66 
164 _______. 

_________ 18 
__-_____ S3 
__-_____ !a 
______-_ 942 

So0 
146 _______. 

________ 114 
.________ S6 

143 
1,146 _______. 

S69 6am 
464 S60 
64 l(ld 

1u SiJ 

7 

.______ 
116 
10 

xi0 

Ub 

.---___ 

9 
INDA 

6 

l88 

u 
.______ 
&no 

120 

bl 

6 

lEAnDAm8PxzMm 

BMd __-____-____________ 
BLfn__.__.____,_____-_____ 
Luug_--- _____ __-_- 

BUtWfdk-lbU______-__--___. 
out__________________-______, 
Tibia -____ _____ ________ ___-. 
Mueole._____._ _______ __________, 
-._ ____ _ _--______ ________. 

BLkarAtdl 

Bibf-!hW__._ ________ -_______. 
Out-___._____.____-________. 
Tlbla-_-__________--_-_-. 
Mnscls_-__.__ ____ ____- 
O-.____._____.__-_______. 

- 

__ 

__ 
__ 
_- 

__ 
._ 
.- 
_- 

. _I 

. _. 

. _. 

. _. 

kz 
XLnl 

-___- 

-_-_ 

v---N 

4 
_____ 
______ 
--_-__ 
______ 

0 
__-__ 
-em- 

.--__ 

______ 

- 

I 

/ 

__ 

,_ 

._ 

,_ _, 

_ _. 

_ _. 

_ _. 

_ _. 

_ -. 

- -. 

_ _. 

_ -. 

- 

wwgr 
A 

18 
16? 

-__-__ 

(9 
________ 
._____- 
._______ 
.-e-m_ 

236 
.___I_ 
._-___ 

- 

f_ 
._ 

1 

_. 

_. 

_ 

- 

._-___m _______. 

9 8 

6 1 
60 14 
14 14 

i- 

66 P 

DOE ARCHIV@ 
. 
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Table IO-Distribution of Gross Beta and Gamma Activity in Tissues of Fish (NRDL) l 

Urnrcrmrr (d/m/tbue I 10? l 

- 

I 
- 

I 
- 

I 
- 

I 
- 

I Boll0 vlaoem .‘. WANDANDFEN Mueele Haad 

T b ‘I 
-- 

16.6 1.2 24 
b.7 a 4 0. a 

10.6 
106 

87.0 
18.86 
ns 

68.9 
100 

38.9 
100 

20 
100 

0.87 
100 

22 
100 

D. 3 1.a 
L2 121 

1.0 11.8 
1.0 11.2 
Ll a9 
-- 

1.0 10.6 
4.8 17.3 

0.3 5.9 
9.7 lb 2 

0.02 0.35 
co 17.3 

0 0.24 
0 27.6 

0 0 
0 0 

- 
P i- - 

- 
1 

- 

0.4s 
0 8 

- 

0.63 
8.8 

ha 
0.7 

- 

20 
l&7 

86 34.7 
46 1.9 
26 30.9 

- - 

b6 16.8 
30.8 26.9 

0.7 
22.6 

0.23 
65 

0 
0 

0 
0 

9.9 
!25.4 

0.65 
n.2 

0. ou 
10.3 

0.01 
9 

- 
b 

- 

- -- 
T 

- -- 

- 
8 

- 

- 
f 

- 

Ll 21 1.6 27 
0.4 0.6 1.4 26 

- - -_ - - 

0.8 La 1.6 27 
II. 2 121 21.0 33.2 

h4 
1.0 
24 

- 

29 
13.7 

16.8 
0.7 
B6 

- _- 
8.0 

l3.1 

16 16.7 L7 
24 c4 0.5 
7.0 is.4 0.8 

- - - 

b.0 14.6 1.0 
33.7 !a7 C8 

0.6 
19.3 

0.6 10.6 0.1 27 0.9 1.6 
1Ll n.2 8.2 7.0 29.0 9.4 

0.04 
9.8 

6.2 
15.9 

0.37 
l3.4 

0.32 
3&s 

0.2 
9 

- - 

0.06 
lC6 

0.16 
927 

0.1 
9 

0. w 
19.7 

0 
0 

- 

0.31 
19.3 

0.z 
15.0 

0 
0 

- 
8 

- 

0.6 
0. a 
- 

0.6 
7.0 

0.01 
4.9 

0 
0 

0 
0 

- -_ 
‘I 

- -_ 
8 

- 
Y 

- 

22 
0.a 
- -_ 
1.3 
121 

4.9 
1.9 

3.4 
47.7 

26 
1.4 

- 
21 

19.6 

21 
1.1 
27 
- __ 
20 
a.1 

6.1 
29 
6.0 

4.7 
223 

16.9 
L3 
8.8 

- 
10.3 
16.9 

0.03 0.04 0.4 
CO 9.8 l&8 

0. Of 
4.6 

0 
0 

- - 

0.33 
57.6 

1 
91 

0.2 
17.2 

2 
96 

- 

98 3.8 
462 6.2 

_________ 7.0 
___--_-__ 100 

LlM 26.3 
735 123 

l.967 248 

,___--____ 11.1 
.-_---_-__ 100 

640 a. 2 
._________ loo 

387 0.41 
._________ 100 

425 0.66 
._________ 100 

463 Ll 
._--______ 100 

__ 

._ 

._ 

.- _ 
-- _ 

__ 
__ 
__ 

-_ _ 
-. . 

__ 
-_ . 

-_ 
-_ . 

__ 
-_ . 

-_ 
‘-_ 

- 

RODOJOP AM Bouu’ 
Itongelap-ooet_._________. 
BongelBp-onnlper._______. 

AVarage___*___._________. 
P-t of total activity 

RorpeIop Atdl, North: 
oe)en-snapper___________ 
Kh&-f3~ppsr__________. 
Kabelle-Parrot____.______ 

Avgege___._____________ 
PwoeIlt of total activity 

Aiu~nae .4fQR 
B~o-Snapper._.___________ 

pcxcerlt of total activity__ 
Ron&kAfdz: 

Eniwetak-6quiml________ 
pexaut of t.obl acuvlty_. 

utidt Am: 
lJtirR-Parrot_____________ 

P-t of total activity_. 
Li&pAtollz 

Lfkiep-happer__. __ _ __ _ 
P-t or total SctivitJ 

! 

l As determined on bada d UaOa standarda and amplrlod aostteuiug and l bsoqdlon cormctlons. 
*Collections made Febmmy 1966. Dab reported 8s of April-May 1956. 

Table 1 l-Summary of Beta and Gamma Activity in Fish and Marine Invertebrates (NRDL) * 
= 

I 
= 

-8 

_- 

_. 
_ _. 

_. 

_ _. 

_ _. 
- 

CLANS I SNAU 
I- 

I 

__ 

._ 

._ 

- 

- 

( 

-- 

, 

I 

1 

- 

IELAND 
No. of 

EamPlea 

($c&+YtY 

8 7 
--- 

4 648 613 
1 17.7 43.9 

No. of 
lamp1e9 

No. of 
Bamp1es 

No. of 
hmplm 

2 
_s______ 

1 
6 

1 

2 

_-______ 

s_______ 

94.6 78.8 
14.9 SK.4 
L0.a 4zl 
17.7 a2 

P r 
-- 

aonoJoP .4fdl.. 
North: 

c?ejcm ____ __________________ 
ghbelle_._____.___________ 

Central: Enhetok_-__-______ 
south: Rongelap____._____..___ 

lbmgdt Afdk 
Enlwe~___,._________________ 

AfUn~+~Atdk 
EifO_________._________________. 

mrik Atoll: 

U~k..____.__________________ 
Luicp Atoll: 

LlMep ___ _________ ____-______ 

28 
___-_-. 

4.6 
25.4 

28 

a9 

87 

___--_ 

14.1 
X6 

l&s 

111 

______ 

_____. 

_ _ _ _ _ _ _, . _ __ _ ___ I _ _ _ _ _ _ _. 
.______- 

1 
2 

-_ 

-_ 

-_ 

.____-_- - ____ --. 
4.6 88 

x 66 
._________ __--____-- ______-- 

2 al 

I I 

61 

22 7.8 

C6 2a.7 

L6 21 

26 La 

-_______ _______ 
1 

1 

---____- 

_ _ _ _ _ _ __ 

6.4 l&O 

_______________ 

__________,__________,________ 

a I I 0.006 28 

__________ __________ ._______ I I _______- _____-- I 

8 An determIned on bash of UaCt standards md amplrkal u~tt8rfng md bsapth carSetlon* 
l CoUectiana made Febmuy 1956. Data reported s of AprSl-Mdep 1956. 
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Table 12-hnmary of Gross Beta and Gamma Activity in Birds and Eggs l 

15 

L 

lmAnD 

Ron&p Aton 
ECQg0bp.__...-_. 

oefem.._.____._.____ 

Kabene.... _________ 

Aaingkrocmrk 
ElfO.__________.___.. 

Ron@k AtolL 
EniW~t&.._....___. 

Ikm 
Egg shell.______.____. 
Egg, wft tissue_.__._. 

rsm______________..__. 
VlruM.._.._________. 
Mnscle__.___.__.____. 
wbfa_.____ __________. 

Tern______.___.____ ___. 
ml&e_________ _____, 
Tlbk_.__________._. 
Egg r.beJl.___________ 
Egg, mft tksne______ 

Tem_______.__._______~ 
Mu8cle____________. 
vm.___.__.______ 
Tibia_______________ 
Egg shell_.____._.___ 
Egg, soft tissne ______ 

TGlll_________________. 
Muscle..___.._.._.__ 
Tibia_____________._ 
ViSOS%_.____________ 

- 

._ 

.- 

.- 

._ 

._ 
_- 
__ 
__ 
__ 
__ 
__ 

__ 
_- 
__ 
__ 
__ 
__ 

__ 
__ 
_- 
__ 
- 

-- 

1 6 
1 23 
1 92 
1 101 
1 14l 
1 ___ ________ 
1 166 
1 lb0 
1 ac 
2 LB 
2 22s 

7 116 
7 11. i 
7 _ _ _ _ _ __ _ _ _ . 
7 0.81 
1 6 
1 a2 

2 92 
2 10. : 
2 .!z 
2 _ _ - _ - _ _ _ - - 

BADlOAlxnTm l 

NDA 0 
0.26 7.2 
0.22 10.1 
0.26 2.8 

NDA 0 
NDA 0 
Ll 7. I3 
0.1 6.0 
0.07 19 

NDA 0 
0.16 a7 

0.26 a.2 
0.067 4.0 
0.06 - 

NDA 0 
ND* 0 
0.21) 7.9 

LO 31.0 
0.04 22 

ND* 0 
0.05 - 

l Aidetambxd on bds d Xl:01 standuds and empirical ~~~ttarhg md hsmptIon carrectlms 
‘Counted tn April-May 1256. 

i 

0.63 
ail 
a82 
aom 
a 019 

ND* 
1.7 
ala 
a027 
0. la 
aa 

1.7 
0.42 
0.14 

NDA 
a06 
0.11 

10.8 
a.8 
2 6 

am 
al4 
0 

12 
7.7 

20 
26 
LI 

147 
26.7 
- 

0 
10 
2.8 

0.9 

a03 
ND* 
am 

9.8 
1.2 
0 

- 



Table 13-HASL Analyses (AFL Surplus) 

OOLLBC- 
OBOAIWM TISWB MBA Oou.tcmD TION 

DAT# 
wet 

a17*.07 

:-Qo0M.04 

a1ocM4l 
aOl9M11 

:-azw_aoo 

0. an&a 13 

wet 

al*86 

IN 

BMI 

IllW 6 

1v 
!zuafC g 
!2twM7 

Ilo. M7.7 

a4wuo Il.8 

awl7 

adbg 
a0u 

la0 

Bime. Oaa$bt half,1 betweo Ksbene and 
LabemdJ Istanda lo Rongelep Lb 
goon. Total welgbt: 44 Ibe. Bone 
Includes some conneotloe tleeae. Not 
pc&bIe to mmove all tkme. 

Dried st 05’ O.~bared with U of w: 
NY00 eemplea placed Loto ll lug% 

Dried at W O.-obamd rlth U of W__. 
I Lb d&d et 96. O__._ ____.._____.___., 
Beakbone bolled to remove meat. Wet 

weight given Is that after bouing. 
pert enmple of 6 Ilash: dried at QV O____. 

PLANKTON 

Knbe%LhuedJ _ lM1-56 g17tl______ A 1tUI Dog-tooth 
hlM. 

.____ Do_____.__ 

Do .____ ____.___ 
BoIllto_______. 
.____ do _._____._ 

oo8tallh__..__ 

-aawalg 

a-a 
aaxkk9.a 

-a w*l. a5 

awan 

am___. 

nldl..... 
a174.___. 
81&5__... 

11w____. 

A 186 

A SgiI 
AM 
A64 

A lU-110 

14.4*1.0 

listiil 
w. 8&l. 0 

mi7g 

11.1*1.g 
I 

Moeole.... _____do..__..._ __.__ 10-9l-M 

Lku _____ _____ do . ..____.__ _._ tM1-M 
Mueels.... L&amdJ Inhnd.__ lo-!&66 
Bone______ _____do.._._ ________ 1~21-68 

MWOl~____ Rongelnp Inland_ _ lo-P-66 

A %& pooled ti rem&g mmpke far 
0. of W.-AFL-BarnpIe A 0 and A 8 
of! Kabella Island, lM1-6& and A 4 
md A 6 oil Rongelep Mend, 1M4-66. 
MO gme ret weight In pooled eemph 
ol rhloh+ Is fro.n eemplw A 4 and 

4a l&l. 0 a&t17 KnbeUaRongelap. 

l Dste of ronntlng: February 1056. 
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Table 14-Results of Analyses Performed at HASL 

ROO&%p_______ 8orcuul.__._.___ Roum:... e 9-M 
.--do_-___.____ Damlt.l_.._____. _____do_.._. e 9-M 

K4bdlo._.______ Bottamy._._.__ ___Ao_._._ e 9-a 

.____do__________. DalMd__._____. .____do._.__ e 9-66 

Owao._.______.. 8mpeon._.____._ _____do_._.. C 2-66 
DUO___________. Botta9ly.._._.. __._.do__._ 4- O-66 
EIllW8k+k.-.-. DammL__._.___ _____do_____ 4- lUi6 
.-__do..---___ 8mgson.__._.___ _._._do__.__ 4- Q-56 
Llkbp_..______. Bnttedy_.______ _.___do.__._ C O-66 
.__._do__._-____. Damml._._._._. _..__do..___ C 2-66 
Vtklk...--.-. Bur2em ____ _____ -_-do.__._ C 2-64 
.--do.__._.._.__ Damml_._._____ _.___do..._. 4- O-&i6 
.--do__._..____. _ .-.do____._____. .____do..___ C 2-b8 
.--do_.__.______ 8argeon..___._.. -.__do..__. 4- 2-66 
mmgelap..__-__ Omal_____.._____ ____________ 4-10-66 
C+ejea _______ ____ _--do.___ _______ __ _____ _____ 4-10-66 
Enlaetot._..____ _____do____._.___. ____________ 4-lo-be 
LMep.._ _______ ._-_do._...______ ____________ 4-10-66 
Vtlrik.______-__ __.__do._.____._._ ____________ Wo-fd 
.--do.__-___ -_ --.do.._________ --_-________ 4-10-66 
Qejen.-.__-.__ Gpldex hall._.__ Entire__._ 4-2&66 
.____ do ____ _______ _--do._. ____ ___ ._._.do_____ 4-23-M 
.--do ____ _______ Bmrplon 8ne.fl._ _--do.____ 4-23-M 
.____ do ____.___ ___ _--do__. _____ __ _._._do_____ 4-22-b6 

___________ ________ 
____-____ ___-___ 
___________ _______ 

4lLtal %8 
-______-___ _____-e 

9s ________ 
52 1 ________ 

___-_______ _______e 
_-_________ ________ 
C&2.8 a.1 

__________________. 
-----___-_- __-__-__ 
_-----_____________ 
___-_______________ 
------_-___ _______e 

so. 91 ________ 
ClMs5 L5 

la 68 ________ 
Sa 47 ________ 

0.0lM27 PI) 
llM9.8 .e5 
Pf21 .ml 
m&24 .m46 
b!Mal .ols 



18 RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS 

c. soils Tables 19 and 20 ahow the 8IdJ’SeS by 

Graph 3 shows the general levels of activity HASL.” 

in the soils of Kabelle and Labaredj Islands of The data clearly indicate the major portion 

Rongelap Atolls, as reported by AFL.’ of the activity is to be found in the top three 

Tables 15, 16 and 17 report the activity in inches of the soil. As suggested in chapter III, 

different soils at diflerent depths for the Feb- Celu-Pr*u and RulW-RhlW make up much of the 

rum-y 1955 survey,) and Table 18 for the Feb- fixed contamination in the soils at periods of one 
ruary 1956 survey ‘ by NRDL. year and more after the fallout occurred. 

Table 15-Beta Activity in Gore Samples of Soil (NRDL) * 

LSLAND %Lz 

= 

I - 
I-IN. INCBEYENT 01 8OlL COXA% 

6th 6th 

NDA 
160 
230 

6.600 
26,m 
19, COO 
2, om 

14WJ 
4.m 

10, ooo 
1ZJ 

1,300 

_______-. 
160 
166 

__ ______. 
l2.m 

_ _ _ _ _ _ _ _. 
1300 

tiz 
10, MO 

loo 
1. loo 

1st 

140 
1,250 
6.6~ 

10,600 
67, @m 
u@x 
43,wJ 
53,6@l 
37.600 
Go00 
4ooo 

16, Ooo 

- 

-_ 

-, 

_. 

_. 

_. 

- 

7th 6th I 9th 
--- 

I I _ ________ ______ __-- _-_--. _--- 

_- 

1 
3 
4 
1 
1 
1 
3 
3 
1 
2 
3 
2 

LMep__.________.______________._.____... 
utirtt_._._..__.__..___________________~_-- 
Bongelsp______ .___________________------- 
Busch._____..______________~______ ______-- 
Enlaetok._________.__________~____________ 
Labaredj.__.______________._______________ 
Kabelle..______.__._______________________ 
Lomoflal..__.___.____________________ _____ 
oejr?n____._.______________________________ 
LnLnen._.__._____________________________ 
Bllcar__.________________._____.__.______._ 
Eniwctak .___ _ _--_____-._----__---------- _ 

-I 
-I - - 

(*) No detectable a&i-&y. 
l Collecticins made about February 1,1955. Data reported 8s of March 1.1955. 

_________ __________ __________ 
11,cllm _ _________ __________ 

_________ __________ __________ 
l&l _ _________ __________ 

_________ __________ -__------- 
.________ __________ __________ 

470 __________ __________ 
27 ________-- -_--_-__-_ 

160 loo __________ 

Table I&Summary of Beta Ativity in Gross 
Samples of Soil (NRDL)* 

Table 17-Beta Activity in Soil Samples Taken 
From Exposed Soil Profiles (NRDL)* 

I 

I BETA Acrrvm 
DEPTE (IX.;.) 

@-W6) t ISLAND 
7 

0 to l.___.____--. 12.400 
a__________________ I, 500 
6._._______..__.___ 110 
Q._._____-______.. 146 
l2.________________ NDA(a) 
13..____-___._____ 76 
24.________________ _________, 
30.________________ _________, 
36 ______ ___________ _________. 
46___._____________ _________ 

Labamdj &belle Kabelle Kabelle 
-- 

136,666 72,666 63,wo 97.6w 
360 6600 293J 440 
950 1,700 400 

.--------- ---------l-l 

130 
no 136 2300 240 
160 46 580 140 
l2-6 76 7u 90 

76 
.______“_ ______:“_ NDA 

NDA 
__________ 

._-_______ ______-_-_ 60 _ _ _ __ _ _ _ _ _ 
46 __________ 

IELAND 

l No detectable activity. 
l CoWtlons made about February I, 1965. Data reported Bs of March 

1,1055. 

. 

LILiep_.._____._._________________ 
utlrlk_______._._________________ 

Bongelap_.___.._.__________...___ 
Eniaetok...________________.__.__ 
lag_________________._______ 
gabelle_-__________________ ______ 
aelen__._._______________________ 

BlkU.-___--_--_--_ ________ 
EnfwegL________________._._.___ 

l Clo~m made about Febmmy 1,1055. Data reported as of March 
l.lcs5. 
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Table 184ross Beta Activity in Water and Soil Samples l (NRLIL) 

19 

c 

&uice 
WAW ’ (c#lite? I 10-q 

cxstem..._._______._____________ _____________________--__*---____.-______ L--__---__-_ _--___--__-_ 0.008 ____________ NDA (9 ____________ 

1 

___________ _--______-__ NDA ____________ ____________ 0.1, NDA 
well____._.__________________________________________________ --__--_---- ____________ ----__-___-- -_---_------ -_---_-_-__- 0.02, ______._____ 

-___--_____ _-___--__--__-____-___-- __-___-___-- __-___-_____ NDA ____________ 
ocean.. ______ ___________-__ _______- _ ~~__~~~_~~_______~~~~~~~~ NDA NDA 0.05 0.06 0.09 NDA 0.08 
Lsg~.___.____._____________________________________________ NDA NDA NDA NDA 0.08 0.02 NDA 

Dcpln (in.) 
601~ b k/m/b I 10-9 

- 
o-1______._*__________________________________________________ 3i70 84.8 6.43 7.00 4.97 4.42 NDA 
12_.________._______________*_________________________________ --.__---_--_ _ --__--__--. _--__---__- _ 0.70 -------- ---- -_--___-____ ____________ 
18.____________.__________________________________________ ____ 0.80 ____ _ -______ NDA ____________ ._________L_ ____________ NDA 
U______.______.___________~______________________________~__. ---__---_--- NDA ____________ ____________ 0.04 0.51 -_---__--__- 
83.__._____.____.___________*_________________________________ 1.23 _____-___-__ _-_________ _ NDA __________ ____________ ____________ 
~____________________________________________________________ ----_---_--- _ ---_---_--- .--__---__-- ._ --__------ -_---_-- ____ __--________ IiDA 
cc-(5__________.______________________________________________ --__________ _____-___-- _ 0.07 ---------_-- __-___-__ _*_ _ _--________ ___________- 
(8_________.__________________________________________________ ----.---_--_ NDA ____________ ____________ NDA _ ___________ ____________ 
~~_.*______._______________________________________________ --______.-__ ___________ _ .____ _ ______ ____________ ____________ 0.70 __-_-___--_- 

AU counts were corrected for the counting efficiency of 69-Y m. 
Oross beta activity of plant szmples was determined in April IBSC and that of soil and v~ater in Map 1855. Collection date: Febmnry lB3. 
NDA lndic8tes no detectable activity. 

. 

. 

i  



Table 1 P-HASL Analyses (AFL Surplus) 

SOIL 
= 

I 
- 

T 
- 
-7 

1 

__ 

- 

TQ~~~/A~rT’ 

Wet hY 
-- 

1u lwoQM44 

Q17f 00 06lU 96 

(w201112 7@30*182 
m2*:04 a29fllS 

647OM47 lxwOzt161 

623a3fea 6711197 

74wxJ9 949OIl64 
86M70 a95f ‘18 

woof 74 42x&104 
406&M 843f72 

67alf 69 123aM49 

1OtOi 76 1410*101 

BECXUAIP MX-I READI? 

AntA COG 
LlccTED (Islnndl 

__..dO _____.... 

. . ..do ____ _ . . . . 

. .._do_....... 
Labamdj...... 

. .._do._._..... 

. .._do.... __... 

._..do........ 
Rangelap. _ _ _ _ 
. .._do....._... 
. .._dO.._....... 

. .._do_........ 

COLLM? 
TION 

DATE 

li?-21-M 

IO-21-1 

10-21-56 
lO-21-B6 
IO-21-N 

lWl-65 

lo-21-M 
IO-2l-66 
10-21-66 
10-22-M 
10-22-66 

10-22-68 

D~ecnwrroa DIWTE 
7- 

__ 

- 

wet 
-- 

u&IA7 

2!z7f).O 

siwzta. a 
4.7M.67 
18sfl. 4 

6.7M. 99 

2eaEM.a 
4. SM. 47 
187*26 

ll.I?H).a8 
n2ti. 8 

rr2.8fl.O 

6” below 

0.2iO.D 

0.2lO.9 

0.2/o. E 
0.210.6 

0. 0810. 6 

0.0&Q. 6 

0.U7tO.6 
0.07/o. 6 
0. Olw. 2 
0.06/u. 2 
0.110.4 

0. yo. 4 

BUrltUB 3” below 

__ _._.._- 

_____._-_ 

.__ _... _-- 

,___ . . .._. 

_________ 

0. a/1.0 
0. a/1.0 

0.05~. a 
0.0610.3 
0.1/O. 6 

0.1/o. ll 

-_I_ 

a182....... A 1 

818X....._ A2 

alw...... A a 
SIEX...... A4 
8186.._._.. A8 

al87._..... A0 

al88...__._ A7 
31RB......_ A8 
3180._...._ A0 
8101......_ A 10 
31Q2....... A 11 

8103.._..._ A 12 

Opau won-200 ynrds from lagoon near 
midhland. 

Open arm--200 ynrds frum lagoon wsr 
mldlshud. 

Orcursar~--llO(aetlromAlaadAl...... 
Ora~lueb20f~tframAlandA2..... 
Open -100 yards from lagoon Ollsb 

tlde mark In 8W part of Wand). 
Open area-100 yarda from lagoon fblgh 

tlds mark lo 8W pnrt of Island). 
Uudarsttesl6festf~mAQsadAO...- 
Under a tree 15 feat from A 8 sud A 6. -_ _ 
Orma near well (10 feet w of well) .____--. 
Orassnsarwcll (10 feet W ofWell)........ 
Pnpsya cluster (near scbcolbouse) rocky 

SOll. 
Papaya cluster (near ecboolhouz8) rocky 

Soil. 

o-a” 

ad” 

o-r’ 
a-4” 
o-3” 

3-W 

o-a” 
3%” 
o-8” 
3-w 
n-3” 

8-6” 

a. s/13 

8.6112 

2ta 
2la 
2/e 

2/8 

0. o/7.0 
0. 6l7.0 
0. ala. 9 
0. aiO.9 
O.lql.0 

o.an.0 

24. ai1 0 s 
SlOZk4.0 
6.1M.78 I5 
!zn&a.7 Ii 

L8Zkl.l Q 

aiws. 7 
A 4&O. 62 ii 

*Date of countlo@: February IOW. .._ . . 
Bee table 24 for sstlmaten of omfloblc calcium snd of Bonsblne Walt% 

. . 
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Table 2C+Results of Analyses Performed at HASL 
BOIL 

21 

- 

~~_______________________-____--_____.**_______ 
_-_dO.-__________________--__________ __*__ __-_______* I 
____ do.__.____________-____-_____ ___*_ - _*___* - *-_-___- 
LlHeL __*~~____.~~~_~**~~~~~~~**~*~~*~~~~~**~*~*~*~~~~ 
___Q_____________________*_______________________________ 

I 
Enlwetak _ _ _ _ _____~____~__*~~~__*_*~**~~**~*******~****~*~** 
____do____._-_.-._--- _____ ______________________________ 
QegeJl_____-_______---____-_____,. 
___~dO____________________**______*_________*____**________ 

utlrlk____._______________- ____ -_*________*____ ___*_ _______ 1 

4-21-56 

t2l-50 
t14-56 
Ml-54 
t21-55 

4-21-55 
t14-55 
t21-64 

t14-56 
t21-56 
t14-55 
t21-50 
4-14-56 

_<a 42 _____ ____. 

L &ka 42 ______ -__. 
2ozto.2 ~___~_~_ _*. 

la 47 _______ --. 
L 2&O. ‘II __--___ 

so. 69 ___-______. 
2OEtL4 *-__- ____ 

L OztO. 42 ___________. 
164Oz!s_4 lts5sw 
a 4&a 72 _____- ____. 
4933.2 ___---__. 

94 KS ___--__. 
22fl.O _- ____ -__. 

s422_...___ a05 
s4sL_.__.* SOB 

a00 EQ::::::: sill 
.___*.* 6l4 

24x__-__ 724 
w2___-__ TLB 

_______ 24r 
2uI2_._____ 242 

**_*. 

60 
_____*** 
**__**-* 
_-__*- 

______. 
w-e. 

m-w-. 

a7 
as4 
24 

. , 

*-e--e 

2.2 
________ 
_______ 
_______ 
________ 

* &533____.._ 768 
- 2429.._____ 762 

26O7_______ us? 
2404_______ 276 

61 
*w-m-. 

4.5 
E~O_______________________________*_______________*_________ 

____do_______________________________________________________ 
I 

W-Date: Date olanmtln&c. 

Bee table 24 br estImatea of amUat& caldmn mad of hnsb.Im Units. 

D. Water not represent all of the radioactive material 
that fell on these surfaces. In fact, data from 
other fallouta suggest a value of about lO-2ooJo 

Table 21 suggests a relatively high ratio of solubility. 
activity associated with the filtrate. However, Tables 18,’ 21: and 22 2 show additional data 
it is probable that much of the insoluble ma- on gross activity found in water sourcea. Table 
terial had settled out, therefore, the values do 23 gives the analyses by HASL.’ 

Table 2l-Radioactivity of Water Samples, July 1954-October 1955 (AFL.) 

<VP&m r3xpmaa in dJrcdutarM.OS wnnting error) 
= 

I LAOOON WArPB 

Filtrate I Fteddae 

I I _- 

.* - 

1 _ 

1 : 

._ _ 

._ - 

._ _ 

- 

Itowdap Atok 
?/lo/* ~bsne_______.._____________________________________________ ssms2no 

l!@s/54. FLongdap___ ____ ____________________________________________ _*--_-_________ 
lpAop5. EniaetoL_.________________________________________________ _______________ 

gsbelle____.__~_____________._________. ~_~~*-*-~--__*-~-~~~~~_~~-~ s2oomocr 
~mbarsdl.____________________.____________________________________ sENt3ooo 

Lomull&______. __________________________________________________ t4okmm 
EMgdap______.__ _.____ ___ ____ ____ **__ __ __-_____ __ I___ ___________ 55axs.m 

10/!&22/56. Ksballe___.__.___________________________________________ 2MOflMJO 
Labared]__________________________________________________________ Wkt1tOO 

Eongelap. ___________________________ _____ _ *_-___ __*______________ 

Aflh&ae Atok 
lO/Z/S5, ~baL___________.________________________________________. 

*From cistern near schoolboase; #from well back of scboolboose ; **ground water; #standIng water from can, dmm, etc.; “*Ihun clstem with 
coIlawed roof. Date of analysis: November IWO, 1255. 
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22 FUDIOACMVE CONTAMINATION OF ABEAS IN THE PACIFIC OCEAN FBOM NUCLEAR TEBTS 

Table 22-Summary of Gross Beta Activity in Water (NRDL) * 
r 

I BETA ACTIYITT @-Mt@d 

IJkiep.. _____________*___.__ ________ __ _____. ___. 
Utrik_._________________________________________ 
Eongelep. _______.___.____________ ________ _____. 
BlLYCb____-__-___ ______ _________ __.___ ________ 
Enlset4L______________._.__..___..__.__.________ 
I&midj._. _________*_________ __________ _______ 
x&eIle._. ___________________ _ _________.________ 
LamILu&______-__ __._ __________________ __.___ _ 
Blkar... ___ ____ _ ______________ __________________ 
Enlwe~____..___.______________________________ 

NDA l 

50 
36 
36 

460 

2”zifl 
33a 
a7 

loo 

NDA 
NDA 

38l 
NDA 

230 
56 
do 

170 
23 

ml 

i 

ls _.__-__-____ NDA ___________. 

4: lg 23 .__ ______ __. 
a0 Yoao 

______*_____ _.____________________._ -___-__-.__ 
=afJ -----_______ ___________ _ _* ______.__. 

--___-__--__ -__-___-__-_ --___-__--_- I I I 
___________ ______*__-__ -___________ _____-___-_- -__--_--___ 

I I I 

l No detectable actlvfty. 
l CollecUona made about Febroarp 1.1956. Data report& M al Mrucb l, lB55. 

M5l.___.. 
a4m_-___ 

a526._-__. 

asst._-___ 
a538._-___ 

a520.__._.. 

3547.~_____ 
%53_-__._ 
Y5Q--__. 
a473--__. 
34Q7_-__- 
35oQ-.__. 
3523-_._. 
a546__-__. 
34m.___._ 
3461_-__. 
Y7Q_--_ 
34Q8_-___ 
3510_--_ 
$534-__- 
3545--- 

Table 23-Results of Analyses Performed at HASL 

WATER 

8AYPLE40 LOtXllON TTTB 

Ro~lsp__-.___________ 
EniaetDL ____ ___________ 
utLit__---__-_.-_. 
.___do._______...____-- 
____do____-_.__.____-__ 
____do_______.________-_ 
LikkJp.______.____-_-__ 
Rongelap_-.__._-_-_. 
Ocjen_____-_..____-____ 
ElllaetoL_-__.__._______. 
Enlwet&_.___.__-__-__ 
Boo.____..______________. 
utirlk_-_.__.__.__ ______ _ 
Lop___._.___.________. 
Rongelap_______._______. 
Qe)en.__________.-______ 
Ehet0k__.__________-_. 
EUlWd8k.___-__-_. ___. 

BUO______________________ 

rJtfriL.__. ____ __ _________. 

LlklOp__.__-__..__._-_. 

well OI cletem._________.___ 6 a-56 

h8__.___._________________ b &66 
well________________________ b 346 

_--do.._-___.___-________ b 3-56 
cxstem___._._._____________ 6 3-56 
w8u____.__._-_____________ b 346 

___._do_____.__.___._________ 6 3-56 
goon______.__.____.____._ 54ld8 

__-_do_____.__.__ ____ _______ 611-W 
._.__do.___.._.._______-____ 541-W 
_____ do____ ____ ______________ 54145 
. . .._do_________.____________ 541-w 
._.._do..________.__________~ E-1146 
__.__do____._________________ 591-w 
ooeall_._.____._____._______~ b-lld(l 

___._do______________________ 61166 
I_.___do.___.____________-___ 5445 
i.-__dO_-__-__-___________ 6116(1 
__ _do___________.__________ 5-lldd 

‘1, :_do._ __ __ __ __ 54168 
~._:__do__:__:_.::__:~__:~~~~~ Ml+ 

____________,____________ 

37*15 
a&l5 

l&M6 

1630&?.3 5ms?l 3lrkt30 
6eak23 _ _______ x&t12 

$20 __-__-__ us.2 
510 ________ 8ktl6 

4asuJ _ ____-_- aktl8 
awsm ________ 2x4.6 

s!m _-___-__ Mf13 
536 ________ 35zt5.4 
$rn ________ _________I 
530 ________ Z?ckl6 
519 ______._ 33f5.4 
yxl .______- a&lo 
.s1e ________ _________ 
sm _______- 3lf10 

(of13 ________ 34zt3.2 
513 ________ _________ 
s23 ________ &Ma.2 

35hlQ ______._ _________ 
519 ________ _________ 
sa ______._ Uf22 

&?&IQ ________ 43h3.0 

= 

< 

_. 
_. 
_. 

_, 

. _, 
_. 

_ _ 

_- 

__ 
__ 

%bsr* gcatn I 
I- 

24 I 12 
.___-__ ____-__- 
.______ __ __-__- I ____-__ ____-__- 
_._____L.______ 

-___-__ ___-___- 
_______ ________ 
____-__ ___-___- 
-__--_- -__--__- 
_______,________ 
_______ _.______ 
_______ -_------ 
_______ _.______ 
-_---_- -__-___- 
_______ ________ 
-______ -__-____ 
_______ ________ 
_______ ____.___ 
-_____- ____.__- 
-_____- -_--___- 
_______,________ 

W-Date: Data of eountlne 



CHAPTER III 

Radiochemical Analyses 

L 
F 

Tables 24 and 25 show the radiochemical 
analyses made by AFL for the 1954-55 sur- 
veys,* and Tables 26 and 27. for the July 1956 
8urvey.’ In two pools of 15 and 19 fish muscle 

- samples collected in late July 1956 and analyzed 
by AFL no radiostrontium was found. 

Tables 28 and 29 show the radiochemical 
analyses made by NRDL for the February 1955 
survey,” and Tables 30, 31, 32, and 33 for the 
February 1956 survey.’ Table 34 shows addi- 
tional analysis of soils from the February 1956 
survey including data on exchangeable calcium. 

Tables 4,5, 6, 13, 14, 19,20,23, and 35 show 
analyses by ELASL. 

In terms of a potential biological hazard the 
strontium-90 activity is of most interest. At 
one year post detonation NRDL reports: 
“ 

. . . In muscle and viscera sample8 of the 
animals from Rongelap, Utirik, and Rongerik, 
SP’ contributes approximately 0.5 percent of 
the total be.ta activity. SroO is present in an 
approximately 1: 1 ratio with SP. Since the 
Hunter and Ballou calculations indicate that 
Sf and SP each contribute about 2 percent 
of the total beta activity at one year after fis- 
sion, there does not appear to be any fractiona- 
tion of radiostrontium into the soft tissues. 
As expected, most of the internally deposited 
radioactivity was found in the skeleton. 

“Tissues of a few marine specimen were 
ens.lyzed for CP’ (37-year half-life)* since this 
nuclide was present in high concentrations in 
water and coconut milk from thii area. The 
tissues of the rooster and of the coconut crab 
contain significant amounts of CP’. A very 
high fraction of CP’ activity was noted in the 

*Newest estImatea indlcab 27.7~7ex halt-life. 

muscle of the rooster (40 percent of the total 
beta).* Further radioanalyses of marine speci- 
mens indicated that the rare earth group con- 
stituted a few percent of the total bet8 activity. 
RulW-RhlW and ZP-Nbg6 contributed the largest 
percentage of the total beta activity.” 

The AFL reports: 
“ 

. . . The SP value8 for food plants, except 
coconuts, collected in October 1955 approxi- 
mate the theoretical proportion of mixed fission 
products activitylP at 1.7 years, 4 percent. 
Coconuts contained 0.1 percent SP with appro- 
priate correction for time of collection. . . . 

‘l 
. . . In contrast to the strictly marine 

forms, the coconut crab, which feeds principally 
on land plants, had SP levels of 3 percent in 
the muscle and 12 percent in the hepato- 
pancreas or liver, where calcium salts 8re stored. 
The radioisotopes in salts leached from the 
carapace were found to consist entirely of 
SP-P. . . . 

‘1 
. . . Radionuclides of Sr, CB, Ce and their 

daughters did not account for the total activity 
in most (fish) samples analyzed. Complete 
fission product andysea of sampb%. coRected 
at Eniwetok and Bikini Atolls indicate that 
non-fission-product radionuclides may account 
for more than half of the total activity in some 
fish. Zn” contributes one-fourth or more of 
the total activity in shark muscle as determined 
by radiochemical analysis and confirmed by 
following the decay.” (Zn= is not a fission 
product.) 

The two-year survey by NRDL continues to 
indicate the high percentage of ZrP in fish. 

%3e section Iv. 
23 



24 RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TEBTS 

tJIllike 1OCdiZ8tiOIl in the LiPW Oi -8l8, e.cmunted for the major portion of the activity. 
Z# WBB found distributed fairly uniformly (The ability of chbs to concentrate co=’ B&c- 
among the tissues. The Co” found in CIams tively was verified by laboratory experimenta.) 

I 
Table 25--St-@ in Biological and Lagoon Bottom 

Samples from Rongelap Atoll, October 1955 
(Aw 

Table 24-Radiostrontium, Radiocesium and 
Radiocerium-Praseodymium in Biolo ical 
Samples, December 1954-January 1955 ( IFL ) 

* 
I I Pracun~cs or TOTAL 

Torn 

Ce’U 
PrlM 

a1 -at muk.____ <o. 1 
a (;hu&?rpn-.-_.- ---*_ 
So -nt aluk_.__. _____ 
68 Hdhdo ____ _____ ____ _ 
8Q oxxmut crab ase 

masle. 

P - 

:o. 1 
____. 
____. 
___-. 
48 

Brpt.. JW 
oet. Aw. 

lvw 1&W 

81. RO 

0.0 ‘II. 

72 0.0 
0.0 %a. 

87. LO 

41 mullet mnack-_ fl. 0 a0 0.0 L6 
!20-at milk.-__ CO.6 :O. 6 76. 0.0 
12 tern bone.-___-_ 0.0 0.0 0.0 18. 
U tern he_-.-.- a0 0.0 0.0 26. 
4odogfoothtuM 0.0 0.0 4.8 0.6 

muscle. 
21 coamnt meat____. 0.0 a0 s. <o. 4 
26 comnnf milk..-. 0.0 0.0 7a <o. S 
SS pandaurn fruit_.. >O. 1 Lii 110. 0.7 
S4 papapa meat..-. >a 1 26 68. a.7 
8 8qm meat.___- 3.1 L6 61. LO 

0 

21 
4.6 
2% 
29 

l2 
W.0 
59.0 

0 
0 
8 

<o.il 
0 
0 
0 
0 

an 
0.71 

ll0 
180 
47 
40 

s 

BongebP.- 

hbrsr&J__ 
K&elle____ 

L4hr0q.. 

Do_.- 

K&ne_._. 

LBblAredj- 
KabeIIe-- 

cownnt met________.__.______ 
Pandantu fmlt.---_,_-. _____ 
Morinda trult____________.._____ 
Al-rowToot corm______--_-_-_ 
Coconut crab muscle-_...- ____ 
Coconut crab liver_.___-_--._ 
Coconut aab salts of earapace... 
Ooumnf crab cuticle of auapace. 
Obnf clam mantle and muscle. _ 
Qiant clam kldnep.______._.____ 
Bonltomascle--___-_-____-_ 
Bonito Ilver_..__________________ 
Bonito bane_-_-_____-._______ 
Grouper mrmcle._..______________ 
Qrouper liver.-___-___-___-_ 
0oaflls.b muscle_.__. _____ _______ 
Tern Moe.____________.____._ 

Rm@ap Aton: 
oejen________ 
Kabelle.---- 

___________ 
1,700 

6lm 

1: 
a90 
Sl 

6la 
(2 
61 

Ldmredj__.__ 

Mellu________ 

Bangelsp...__ Legoon bottom, 
depth of wefer V, 
fiacuon CuntaInhlg 
part&m >0.074 
mm diameter. 

Table 26-Radiostrontium in Plants Collected at Rongelap Atoll JuIy 23-24, I956 

Counled September 4, lD66 (AFL) 
l 

Bma~t________.___________ Pnlp--. ___._ _ _______ ____ aonpelap__.___--_._____ 420 a8kKl.03 
&fcrtn&_._______________.___ Pulp and seed--_--____ --.do---.____._________ aO.4 Llztal 
F’uhrms__--___--_______ Seed_____ ____ -__--_-_ ____do.__-________________ 79.7 22hO.6 
brro-t._-_______.________ Pulp and skh-----_- -_-do___-________________ 1oB 2633.6 
oocOnnt.__-_________________ MUk-._ _____ ____ _____ ____ ____ .do ____ ________-_______ 362 0 

Do____-___________.____ Meat.__-____________-___ ___-do_--______________ 64.6 0 
Do____________________ MUk________.___._--____ Kabelle____.______________ 86.0 0 
I)o_________-____________ Meat_-- ____ ___-____-_ ____ _do___--___--_.___- 146 0 

aawim 69lGJ L77zko.10 

000136 6ixztO h6so.P 
a00450 16of(( a76Mo6 

I 000336 SQ4hs l.cBrtaCL.5 

____________ ____________ --- 
/1::::::_:f::11:::::::j::__ 
_______________________- ---------- 



Table ?7-Radiostrontium 

RAD10cHEMIcA.L ANALYSES 

in Land Hermit Crabs (G&it0 rp) 
23-24,1956 (AFL) 

25 

Collected at Rongelap Atoll July 

IZadWieity 014 Chniing Da, Sephnber 10,1066 
, 

149 ___----._-____ _____ __.____ Liver _-.___ _______________ xabelle._._________________ m3 
Do ---.--_....____--.__ Muscle ______ _____________ _____do.______-__________ 434 
Do____.____._____________ 6keleton___ _______________ _____do._.____._____________ 6, uo 

I-W...--.. ______ _____ _______ Liver.-__________________ _____do___________________ 833 

Do ~~..___.-._____.._..~. Mnxie..___-________.____ _____do.._-______._________ 273 
Do_______________________ 6keletxJn.__ ~_~_~~~~~~__.__ _____&.__._________________ 4100 

&&il_--_--_-______________ Muscle..._ ________________ ___._do___-_-____________ 444 
Do _______________________ Gkelet.on_ ____-___________ _____do.___-_______________ 

I-62_-_-_-_____ ____________ _____do_____-_-_______-__ Eon.gelap_-______________ 

- 

c;ggz 
aooau 
am20 
0.206 
aoo7ln 
aama 
a2m 

0.00910 

a132 
a177 

‘%uNeEINr 
lJNrm” 

8820&3110 
63lM10 
3llMM6 
4910&170 
2wkt7 
612of1182 
4440&W 
3360&M 

Table 28-Radiochemical Composition of Residual 
Contamination (NRDL)* 

I ~NZAGI or Toul Am oBaxsvrr, n 

AHowroot_______.________________-..________ 

Brmdfmit____________________________________ 
Coconut frond_______-__.___-__-___________ 
cumnut meat.________________________________ 
Coconut milk___ ______ __________ _____ ________ 
Qrass____________.____________________________ 
P~danUS.____________________________________ 
Papaya. ______________________________________ 

______________________________ 
c”‘:::::::::::______________________________ Eoii. 
x.4qzoon bottom. _____ * ________________________ 
CiStXlTlW8tJZ~______________________-_________ 
Ground water._._.____________________________ 
hgcmn~ter____...._____________-__________ 

13 
8 NDA 

L2 
NDA 
NDA 

13 
0.6 
1.6 
3.2 
0.8 
Ll 
29 
0.8 
0.9 

Br* 

6.0 
6.) 
6.0 

NDA 
NDA 

4.6 
24 
7.3 

14 
22 
6.0 
8.6 
26 
CO 

lit%6 

3.0 
60 
80 

1.2 
0.9 

74 
1.2 

37 
67 
73 
62 
U 
49 
76 

ZrWb 

a6 
19 
42 

NDA 
NDA 

6.4 
0.2 

31 
10 
a1 
0.2 

24 
20 
0.7 

7.8 
NDA 

6.7 
NDA 
NDA 

4.8 
0.6 

12 
46 

23.3 
13 
20 
16 
7. a 

CSW 

so 
Y 

1.6 
96 
26 

a.4 
25 
11 
1.1 
1.1 

h'DA 
l2 
9.2 
0.8 

* 

Br=;W 

L6 ztO.3 
a0 
as(Mo2 
3.6 fl.6 
24 MI6 
068zta16 
ani=a06 
as2Mo4 
a4hai4 

s V&es aa of 16 July 1055 (16 mm after the OOck8r detonation). 
&am-the reported parent oaks. l No detectable &ztivity. 

%ouectioM made about Febmry 1,1935. 
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Table 2~Radiochemical Analysis of Fish and Chicken (NRDL)* 

Iumn PlIE .‘. 

m9m 

I 

Pebrgk_.______._________ 
spappz._.________________ 

BangtiP Lapoon I Flat llsl~-___._____.._-. 

(@conat anb__._._________ 

Spider 6nctU________________________-_ 
Ckjen 

1 
____do________._________ _____ __ _______ 
Red eye crab_________.______._. ______ _ 

L&uredj Killer clam___________._._____-_ 

Rongelap Eooster__.____________________-_ 

utirit AIca 
utw Eel___.____________________________-_ 

I Butt&y ti______._.___ ____ _ ______ __ 

l?ongeIik Ateu 

hlretak Met__________.___.____________ 

HI3 

P7 

1008 

!a 
11 
so 

230 

1140 

w 
LB5 

'VisQla_..____ 
oill_____._.__ 
,Mnscel.______ 
MUS4&?____- 
VbO?!IC______ 
Muecle.______ 
ViSEITS._.____ 
Total body... 
____do._..____ 
____do.__.__._ 
___.do._____._ 
%Inscle.._..._ 
Visoera_______ 
LIPW______._ 
EkIn_______._ 
,Tibia__.__.._ 

Total body- 
___do.________ 

iMUf&e...__._ 
~Vtscera.______ 

’ No data taken. b No detectable activlty. 
l Collections made about Fetrnary 1.1955. Data reported LS of April 1955. 

- 

22: 
ACllVlW 
l/mXlO-? 

62 
a 

20 
40 

66E 
176 
-a5 

l27n 
422 
28 
60 
11 
23 
7 

l2 
101 

1 
7 

7 
loo 

PIRCENTUE or TOTAL BETA ACEVITT 

1.2 LO 
6.4 0. a 
0.2 0.2 
0.6 6.6 
0.1 0.1 
0.2 0.2 
0.7 0.6 
0.1 0.1 
0.1 bNDA 
1.1 0.6 
0.2 0.2 

___--___- ---______ 
0.6 0.6 
20 1.6 
1.2 1.0 
0.2 0.2 

1.1 0.0 
_________ _________ 

0.8 ---_____- 
0.2 0.2 

-- 

2.2 00; 
a. 2 ________. 

(‘) ________. 
Lb ________. 

18 ________. 
1.) ________. 
1.2 21 
7.6 _ _______. 
LO ________. 
1.6 LO 
26 ___- * ___. 
2 40 

14 ___-____. 
4 _ _ _ _ __ _ _. 

m __-- ____. 
L4 1.0 

ll __-____. 
.________ _____ ___. 

a2 _-__* ___. 

m I 

-___-mm-. ___---__ 

_______-_ ____--_- 

____----. ____---- 

14.2 61 
________. ________ I ______--_ ___---__ I 

________.I________ 
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Table 30-Radiochemical Analysis of Biological Specimens horn Rongelap Atoll (NRDL) 

UILANTJ. - No.. AXD SAXPU 

mv- 
l6020, mat nab__._____-____ _^_. 

Moo, Kme? dam_____ ________ ____. 

um, Kmer olam._______._______. 

M2OA, Iangoruts 3obsta_-__-___. 

l6200, Red aye aab._____-_--_. 

UiOD. Bed~qxmcl orab._---- 

1wIB, Ooamnt aab ____ __________. 

Kutila+?~ 

lm, Gnappcr nnh-------. 

ls40, oronpa nsb_.__ ____ _________ 

ls& Fa7ot tvl_______ - ____ -_ 

787, HfIlmotmlaa_ _________ -_ 

VkOSL_____-___. 

8kh...----___. 

Muscle_________.__. 

0oft tkme.__-_____. 

_-Alo__---_--. 

do __- -_________. 

--do_-_--____ 

do -- _--_-__ 

_-do_-_---_ 

Moscle____--___. 

8kin...--_--__ 

BOM___-_______. 

Vti___--_ ___, 

whole_----- 

BOl%---_--_ 

am-----_ 

_---_ 

YlSCWL.----_ 

8oft tbm-_--- 

- 

z;rn 

22 

10 

28 

67 

1800 

e82 

72 

b7 

72 

114 

281 

89 

1U 

._____e 

17m 

44s 

# 

ax 

26f 

m 

)A (II& 

630 

a7.1 

Sal 

111 

74a 

1605 

a30 

!a343 

2900 

______. 

06 

m7 

Ml 

WIa 

1630 

m&5 

aa 

7Q20 

1142.50 

M 

l.6 

4.0 

a2 

1.1 

26 

al 

L2 

a75 

a75 

2.6 

6.6s 

I 

2.4 

2.7 

a75 

7.0 

a83 

as 

6 

42 

n7 

es 

2.4 

2.1 

8 

83 

2.1 

2.8 

a42 

t1 

O.(I 

Cl 

44 

sa 

6 

22-4 

t7 

20.2 

88 

EcuLn 

LE.’ 
fw 
Zn* 
B.E. 
w 

B.E. 
Err 
Zna 
B.E. 
Br* 
Zna 
R.E. 
Br* 
Do* 
B.E. 
BF 
co* 
R.E. 
Br* 
R.E. 
6fl 

RX. 
w 
osm 
E.E. 

B.E. 
w 
ZIlu 
B.E. 
Er* 
Zllu 
B.E. 
8r* 
ZDU 
R.E. 
Br* 
Zn@@ 
R.E. 
Bfl 
Znu 
R.E. 
Br* 
ZllU 
B.E. 
Br* 
Znu 
LE. 
w 
Z@ 
B.E. 
BF 
Zn@@ 
E.E. 
Br* 
Zm 

I NDA l ___ 
11*1.7..._ 
z46__..._- 
D.6s8...-- 
NDA_.- 
250-_--_ 
a.5___-_- 
tl.24j=cls_. 
73rJ30._.--_ 
NDA___- 
D.46M.76.. 
lW_--___ 
NDA___._ 
2.4Ml.w__. 
2@arJ___-.. 
n_________ 
B3.8M.oo__ 
7aiQ_____- 
26_-__._- 
NDA_-- 
m______-_ 
0.12&0.07.. 
Ib___-___ 
12&tO.18__ 
26___-____ 
0.58__--. 

4J__.--. 
NDA. ____ 
s6_---- 
2.c_--__ 
0..5&0.76__ 
2m_-.-- 
19_______. 
a.Oj326_.. 
440__-____ 
wJ.__-_- 
7.8kt6.64_. 
52.0_--_- 
NDA.-- 
0.7%tO.l?__ 
SW__--- 
6_----_ 
15.7*1.0__. 
1870-__-_ 
2.2__--- 
OLiSO.U__ 
m_---_ 
1.7.._--_ 
OA%KL62__ 
l670---_ 
NDA_-- 
t.ktlda__ 
tm mm__- 
66 _________ 
lshO.24.. 
lOe6---_ 

0 
7. a 

89 
al4 
0 

89.1) 
12.S 
1.7 

2b.6 
0 
a4 

26.6 
0 

6a4 
2.6 
2.7 

69 
20 
0 

40 
a2 

20 
I.7 
7.4 

lb6 

42 
0 

642 
24 
a6 

62.7 
7.0 
12 

160 
* 
PO 

Ml 
0 
1.0 

27 
a7 
2 

72.0 
47 
a7 

lx8 
a4 
al 

80 
0 
aa 

25 
I221 
a2 

2L6 

587&o 

0 

4.5&4 

Me&42 

43&Q 

0 

&tl 

m&a 

0 

0 

24334 

147fl2 
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Table 30-Radiochemical Analysis of Biological Specimens from RI 
- 
3wr 

!i!iz 

m.7 

11.8 

16.7 

lb2 

16.9 

21 

77.0 

21 

18 

68 

gelap Atoll (NRDL)-con. 
= 

I 
- 
BITA 8vN- 

UUND, &umr No., AND BA- E KaaDL’ Ez. i 

: I 
! 

1 e&nIJond 

I lrn. enrppar a& ___________ *_*____ 

.’ 
! H.ead__.__.________.. 

BHu_.._ ___________ 

a60 

l2l6 

66 

I. 0 

B.E. 
w 

B.E. 
El- 

B.E. 
Ibr 
5a 
B.E. 
Br* 
5u 
R.E. 
BP 
znu 
R.E. 
5u 
E.E. 
Br* 
5” 
B.E. 
w 

Rug 
B.E. 
Br” 

B.E. 
w 

NDA..__. 0 
x.d6s.c_. as 
NDA.____ 0 
0.63&0.48__ a7 
NDA..__. 0 
1.6ztO.44... 0.) 
1640_._____ 98 
2.6._.__.__ a7 
0.22M.26_. a04 
16m_..__.. 95 
ll_._..____ 1.8 
13M.2k. a2 
14w_.__... 43 
NDA___._ 0 
210..____._ lm 
1aa_.____. 7.4 
1.7+0.02... a 1 

80 
0.8._._.- a6 
472~0.69_. 20 
860__._.___ 19.2 
l210.._.__. 66 
6_2%0.47__ a8 
llmO_____. 116 
l.os~.60._ am 

w&a 

243~16 

18ao, Gruuper t&b --____ _____________ whole___ _____ ______ 

1629, Band uab.__.._.._______._ ____ Soft tlssns ____ _______ 

1687, B~ldartmall_______ ____ ____ _____ _____do....___.._.____ 

lssa, Bplder ~.__.._________..__._ ~____&._____._.__.___ 

BOllS__.____._.-__- 

MlmcJe.___ ____ ______ 

VkC5l?b..____..____.. 

Qffl._..__-...___-_ 

120 

___ ____ _. 

406 

n2 

176 

6.6 

h4 

&I 

1.7 

1.8 

1.8 

187 

102 

l NDA-No Detadble Aciivity. 
__ Data of oollectionz February lO66. Date of counttnp: April-May 1066. 

Table 31-Averag<Relative Composition of Nuclides in Plants, Soil, and 
Water (NRDL) 

I 

I I 
No. or 

Boomrrr PABT 6AXPLas 
AVrBAOEI 

PLANTB 
Portalare ______________ Whola.__________.__.___ __. 
PapayIL.__._. ____ _____. Fdt...__________-_______. 

t3connt..____._________ 8hell_._____-_______________ 

1 

Husk.. __________________. 
Msat___.__.____.._________* 

MllL ______-______-______-- 
Lsaves... ____ ______________. 
~~__..__________.._______~ 

Pandanns_.___.________. Jdme8. ____________________ 
Nr root ____-____________-__ 

Arrow root____ ___. ______ II Tuber_______________________ 
Iaavea.__________._.____.__. I 

&XL 
Depth,O-1 tn._______.__ ____________________--_ __._ ___ 

WA-B 
cistern__..__._______... _____ -_____--_______-____---~ 
wel._____.______.______ ___________________________~_ _ 
Lagoon_.._____.________ ______-______-___-_----~------ 
ocean___ _____.________ ____________________.. ________ 

1 
1 
a 
2 
2 
1 
2 
2 
2 
2 
1 
1 

2 

- 

T BruTrvx co X?OQTION @l.OXit) 
- 

_- 

4agP 
72.8 
m2 
989 
Wt.6 
99.6 
a2 

026 
‘127 
R&P 

75.4 

1L7 

a84 

. _ - _ - - _ 

.____ _-_ 

. _ _ _ _ _ _ _ 

. _ _ _ _ _ -_ 
- 

Total 

EZL 

aa 
17.8 
l.1 
a05 
a4 
a2 

86.6 
22 

lx.) 
10. a 
lb8 
m.0 

86.8 

bl4 
100 
24.6 

1m 

I 
BP Ru”‘ I -- 

l 
11.8 ________ 
2 6 ________ 
a7 ________ 
1.0 ______-- 
0.1 ________ 
0.2 *____-_- 
a4 6.1 
6.6 ________ 
6.1 ao 
a 8 ._______ 
1.0 LB 
to I.4 

6.6 1 10.0 

86.6 __._____ 
0 ________ 
6.6 ________ 
0 _____-_- 

2lM 

66s8 

0 

0 

St18 

lQ6S25 

226&O 

m2zt22l 

Date of colkctlon: Fckunwy 1866. Data ofaxmthtz April-Mw 1066. 
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Table 32-Sunshine Units of Plant Samples 

666&166 

zzi 
l66s4 

ItOIlg&p 

I 
____ __ ___._ ____ 

ooconatmsat.__._...___.___ &nLsetoL._...___._______ 
ar&.n.__._____..__._____ 
Enlaebk___.____._._.___ 

Cumatahdl- _________ ____ __..do._.__.____..._____ 
act_.__._.....__._____ 

cbamnt milk_____.___._.___ hen.__.__.___.__._____ 

clooonnt kaws...__.__.___._ II ~*~~-~‘~~--~--~ ___ _ __ __ I 

176 
I x+6 

666 
162 

%a 66 
47 
28 
40 
PO 

II0 16 
120 6 
a5 28 

P 
a5 69 
86 166 
170 ID. 6 
a05 1140 
mo a66 

114 
15 666 

66 
l64 
66 
46 
23 
14 

lloh60 
l62a 
66&s 
663216 

NDA 
NDA 

4l*Zl 
167337 

NDA 
Ima 

76336 
lC&t.% 

PaDdanna klavea___._.._____. 

Pandanns a&nwt._._____._. 

E&tok_...._._________ 
._...do.. __.___ _ ________ _ 
. . ..do.. ______ ____ ______ 

.oSJen_._ ______ ____ .____ _ 
Eniae~k_._..._.__..____ 
.oe~_.____..__.__._____ 

t68r1okt2m 
6l(oflao 
6x2&4& 
osM76 

lXCtl90 
ywof246 
l6o801*660 
xc&320 
686&20 
ixwsoo 

0 
0 

tcs&al 

Date d tmlktion: February 1938. Data of owntiwt &wD-?d~~ 19J(I. 

Table 34-Sunshine Units of Marshall!Island 
Soils (NRDL) 

Table 33-Sunshine Units of Water Samples 

!YE% 
m WY6 w 

LlXl~ 
147f104 
SJlf 64 

0 
0 
0 
0 
0 

l6&66 
0 

¶66&l66 

BOIL Tm 

los4 
I&t10 
NDA 
NDA 
NDA 
NDA 
NDA 

166&B 
NDA 

204&lY 

-__.__.. 

WdL.-_.._. 

46 
Q 

86 
0 

lbgt?hP____.___ 
utmL._.-.-. 

_.___ do.___--- 
____.do._..__-_ 
Enhtik_.__.__. 
FLOI@fb&______ 

utlrIk_____,__ 
Edwetak.__-_ 
Ro*p._____ 

lhIretsk.._-.. 
UtlrlL-____-_ 

LO 

L4 

lLa 
C6 lagnon-__. 

N-DA fndlcata no deteciabk. activity. 
Dst8ofmILectbn: Fsbnwylow. DsteePcarmtln.& Arrfl-MfiyWE4. 



Table 35-UWAFL Post Redwing Marshall Island Survey Samples 

- ---- 

= 
, 

_- 

: 

: 
: 

. : 
: 
: 
: 

OOLLtC 
TtON 

DATE 

7-2sBe 
‘I-2a-MI 
7-23-M 
7-24-50 
7-24-5ll 
7-24-50 
7-2444 
‘I-24-50 
7-24-50 
f-24-50 
7-24-M 
7-2340 
7-24-54 

7-23-56 
7-23-56 
7-22-w 
7-24-W 
7-24-56 
7-x-50 
7-2CW 

7-23-56 
l-23- fel 
X23-60 
14366 
7-?Mfl 

T-23-W 
I-23-M 
7-B-M) 
744-8 
l-2443 
X23-~ 

HA8L NVMBX& UWAF 
NUUEZl 

- 

Invertebmtea: 
4042..___......_ I-9 
4O43._..__....__ I-10 
4044._._._....__ I-11 
4043.___..__.... I-12 
4O45.._.._._..._ I-13 
4O47.._.......__ 1-4oa 
4O43._____...... 1-49b 
4049______.__.._ 1-49o 
4050._.......... 1-m 
4061.______..._. I-50b 
4O53.____....... I-5Oo 
401..._...__... I-63 
4034.._....__.__ I-61 

Flsb: 
4CLW._.. me__. __ F-2% 
4O35_.__.._...._ F-2B3b 
4037...._..__._. F-20@ 
4O33..____....__ F-314a 

____--_--._- F-314b 
4040__.__.__.... F-3140 
4941.____..__... F-314d 

Laud Plautx 
4024.___......_. RO-1 
4O26_.__......__ RO-2 
4o23..___..._... RO-1 
4027_._.......__ RO-6 
4Oz0,__.._.._.__ RO-7 

4034._._._...... Ro% 
4029__....__..__ RO-11 
4o3o__.._......_ RO-16 
4031.._ ______. __ Ro-29 
403a.__..._..... x0-21 
4aJ3__........_. Ro-22 

I - 
~ 

HABL Nvusrn 
I 

w 
:;7 w.Bter: 
M ~l4_._..._.........__.___’ 

$ 

~l6.._._.._.._.__..._.___ 

8% 
LAO. 

-- 

._____._ I. Inc. 
_.__-. _ I, Ina. 
,___--. _ I, Inc. 
__--a__ I, Inc. 
_____._ I. Ino. 
_____._ NSE 
_____._ NBE 
_____c_ NRE 
_____._ NSE 
_____._ NRE 
_____._ NSE 
_______ NSE 
_______ NSE 

10 NBE 
10 NBE 
19 NSE 
15 I, Ino. 
15 I, Inc. 
16 I, ho. 
15 I, Inc. 

_____._ N8E 
_______ I, Ino. 
_______ NBE 
_____ __ I, Inc. 
.______ NSE 

.______ NBE 
__ ____ _ 1,Inc. 
_______ NBE 
.______ I. Ino. 
.____._ N8E 
.___-. _ I, Inc. 

OROANl6U TIEWB 

Holothnmlatm. Oound....._.__. 
.._..do._.__...__ Outsndcuutent 
._...do__._..._.. Iub~cnt.._.. 
Trldaenagfga8.. Mantle__....... 

. ..__do._.__.____ Muscle.__...... 
Ccuoblta........ ____ .do....-_.._. 

. .._.do___......_ Skeleton...._._. 

.___.do__________ Ll~cr.__..._._.. 

.___ -do__ ___. ____ 8kelotou..__.__. 

. . . ..do._......_. Llrrr__....__... 

.._..do__.._...__ Muscle......___. 

._.._do.__...._.. Bkeleton....__.. 

.__. .do__....__.. _._._do..._-_.__. 

Reef fish.....___ MU.9Ck!___._.___ 
. . .._do.......__. Bone___ ____ _____ 
.___ _do..._..___. Lher.__...__.._ 
.___ .do__._.._... Muecle ___.- _____ 
.__._do._...._.__ __.__do._..-_.._. 
._._.do__....._.. Boue.......___._ 
. . ..do__.__.___. Liver. ____- _____ 

Bmodfruit__.... Meat_.__..___.. 
Papsye_...._.__ Eeeds__._.___... 
.._.do__......__ _.._.do__..._____ 
Coconut__.._.._ Ment.._...__._. 
. . ..do._........ MUk._ __---_ ____ 

Morlnds.__._... Pulp and seeds. _ 
Awowroot._.... oom_. ___--_ ____ 
Psndauue_....__ IhIt.__._.__.__ 
Coconut_..._.._ Meat.._...._.__ 
._..do._._...___ Milk..........._ 
Papaya_.....___ Fruit._._...._._ 

I 

0. uJw5 
O.ISd 

>o. omm 
>o. oom 

0.004al 
0. an5 
0.139 
0.0034 
0.133 
0.0046 
0.0016 
0.156 
0.133 

0. Olww 
0.9711 
o.OoO390 
0.00126 
0.00101 
0.0744 

>o.awi 

0.090447 
>o. 00306 

0. al237 
>o. aJas76 

&Z 
0.009w 
o.OOc64z 
0.0010l 

>o. OoO?sl 
o.Ow74 
9.9OOl?a6 

46 IL? M.14 
61 1.3 fO.03 
10 0.37 M.007 
2.6 0.03Oho. 011 
1.6 *o. Ma 

310 15 *to. 63 
2790 l5.50 f59 
700 34 fl.6 

10flO 010 zt31 
790 35 il. 0 
250 9.5 *0.45 

1960 750 *ati 
2730 1460 *SO 

12 
31 

230 
2.9 
0. as 
0. lx 
7. a 

0.03so. ens 
1.9 fO.082 
0.05B*0.029 
0. on*o. 004 
0. IOIM. au7 
0. lowTO. 014 
0. ot&tO. Ml 

31 
0. BB 

28 
0. all 

63 
(d/m/ml) 

46 
0.16 

a3 
0. w 

146 
0.40 

0.35 fham 
0.88 ho. 01 
0.33 M.009 
0.033fO. au 
0. wrto. 094 

Urn11 
1.4 M.043 
0.n M.094 
1.1 fO.041 
0.16 rto. oai 
1.9 M.076 
0.37 M.003 

_- 

I . 

, _ 

1 _ 

. 

I _ 

_ 

_ 

_ 

Rongelnp. _ 
_.,.dO..__. 
._._do._... 
Eehells_ _ _ - 
__..dO.___. 
_...do. _ ___ 
._..do__._. 
__..do____. 
. . ..do____. 
._._do__._. 
. . ..do___.. 
Rou~Iap. _ 
Kabelle. _ _ _ 

Rougelop. _ 
._._do__._. 
_.,.do._... 
Kabelle.... 
. .._do__.... 
._..do__... 
._,_do__.... 

Roungelap.. 
._._do__... 
._,_do___... 
. . ..do__ ___. 
._..do__.._. 

. .._do.. ___. 

. . ..do...... 

. .._do_ ___a. 
Kabelle.___. 
.._.do._._.. 
Rougelsp - _ 

al0 All 
8.4 rH).al 

il!i9 
.s3 
>a: 

4wozt3OO 
3940 fl70 
4600&390 
nw *uo 
2829 *:I30 
2&s a179 
!zaxl *Pa 
3600 t169 

w zt1.B 
12 HL6 
n ztl8 
9.1 ztl.0 
c4 *1.4 

I = = = = 

C 
F 

- 

B-DA- 

I 

TTPB 10~0~1 Loo00N 

hteru. .____. _________ Roll@hp__. ___. _____. 
VeU....._._._... _____ Rowelap_. ___. ______. 

7-97-W village...____._.._.___ I, Inc. 
7-22-M) 

I 
Village..._.__...______ 

I 
I, Iuo. 

8-7-w 11,fJlo (a&r BItering twloe)...._........ ______ _ 13f&4 
8-7-36 22.009 (after tIltwIng twica). ______._____ ----__- 

I 
E&t3 



._. I. ” _ . . ..I_..... _ . . -, _ _ _. _ ,..s_... 

HABL Nmsr~ 

8url: 
~8(n..._.._._.____.______ 

at303 _______ ______________ 

aao4._....._..__... ._____, 

1o7._...._......_.._____, 

~...._..__...___....... 

~8(M._..__.._._.._.______. 

2JK&._ .____ ____.________. 

aaO9... ------_--__-_-____. 

1181O...._...._._.._______. 

a813......._.__........... 

aa12_..._.____.._______~_. 

ill.... _____ __ ____ _______ 

~l8_..._..__...__________ 
aa19..___. ________________ 

No ssmple 
numbers 
swlgncd. 

lK&ene........... 7-24-M 

.._._do_..._..._.__ 

.._..do.__.._.____. 

. . .._do._..._.____. 

. . .._da._..__..____ 

____ .do_._....._.__ 

Rongelsp._____... 

. . . ..do._....._.___ 

. .._.do._._._...__. 

._._.do._..____._.. 

. . . ..do.._._.__._._ 

. . . ..do___.__._____ 

Pan...____._._._ 
.____ do___._..._.__ 

r-24-w 

7-24-W 

7-24-w 

7-24-M 

7-24-W 

7-23-w 

7-!&3-w 

7-23-W 

7-23-w 

7-23-W 

7-23-w 

7-28-W 
7-26.56 

r&2___-_______ (First set).._ ____ ____ 

2-4_.._.___.... ._...do___.___..._._. 

4-8 ___________ _ ____ _do__.._._....__. 

D-2....._._._.. (8econd set)_.._.__... 

?-I ____________ ____ .do__._._...._.._. 

4-K.. _____ ____ - _.._do_..___._..___.. 

o-2_...._.__.._ lar b. lagoon VlllRgl 

w_..._..._... .__:~_...___........ 

M..._._...... . . . ..do__._._._._..__. 

O-2__.___...__. Mld island._......... 

H...._....... ._._.do._..__......... 

M_......._.__ . . . ..do___.._......... 

EmWe ________ Bbore_ __.___ _________ 
f3ubwrhco._. ~.._.do._......_..._.. -I 

LAS 

HASL 
I, ho. 

HABL 
I, Ino. 
HABL 
I, Inc. 
HABL 
I. Inc. 
HABL 
I, ho. 
HABL 
I, Inc. 
HABL 
I, ho. 
HABL 
I, Ino. 
HABL 
I. Inc. 
HABL 
I, Inc. 
HABL 
I, Ino. 
HABL 
I, Ino. 
HABL 
HAEIL 

*As of September 20, IQMI. 
I. ho.-Isotopes, Incorporsted, Weatwood, N. J. N&E.-Nuclear Bclenoe sod Engherlng, Plttaburgb, Pa. 
Dnte of counting: September-October 1966. 
Bee Teble 34 for estimates 01 mtlablc calcium sad of sunablne nnlts for solis. 

TOTAL Acnmr 0 

O-Date 

8-4-M 
a-29-M 

a-4-M 
a-29-M 
0-4-M 
8-29-M 
a-4-a 
aaO-6e 
a- 4-t%! 
8-80-68 
8-4-m 
&-aO-M 
0-4-w 
(MO-MI 
a-4-M 
8-8068 
R-elm 
MO-MI 
a-c&a 
a-ao+f? 
a-4-M 
MO-68 
a-4-60 
CaO-60 
a-4-M) 
a-4-60 

Ilmlgm-w 1 

lRRoI30 
la20 

4obi45 
471 

QO 
108 

mlofl1a 
6940 
a300h1m 
1736 
lllwt62 
661 
20tkk62 
162 

<39 
79.2 

<46 
.M.Q 

KZOf69 
a63 
la4*61 
108 

537 
64.9 

179OOh203 
103fa9 

8F 
Ilm/gm--ra 

40 *0.41 

1.6 fO.07 
250 14.9 
zB6 fl.2 
MI a2.9 
90 rtl.7 
M f2.8 
a0 ti.57 

10 to.40 

4.6 z&o. 1 

1.4 *o. 06 
68 *2.8 
al ko.21 

4.0 k0.2 

‘0.9kko. 03 
7.6 f2.0 

all XIV 
6.7 X10’ 

1.8 X16 

0. cxl4XlO 
9.3 x10, 
9.8 x10’ 
2.2 x10( 
a.0 x10 
1.8 x10( 
1.0 x10( 

0.4a x10( 

0.21 Xl@ 

0. Owxw 
2a Xl@ 
1.0 x10 

0.16 x10 

a 04oXloI 
---_-._____ 



CHAPTER IV 

Internal Contamination OF Animals 

At the time of the fallout on Rongeh&p 
Ishmd there were 8 V8Ikty Of 8nimds preN?nt. 

These were left to live on the island, and rep- 
resentative numbers were collected on the 8th, 
25th, 33rd, and 51st53rd days and then 
sacrificed. Tables 36, 37, and 38 show the 
relevant dst8 concerning external doses to the 
anim& while living on the island, and an 
analysis of their internal contamination.* 

Over 90 percent of the activity in the body 
of animals wan in the skeleton. At 82 days 
past detonation, 62 percent of the skeletal 
bet8 activity of the pigs was due to SF, 
7 percent Balm, and 10 percent rare earth 
group. However, it wan reported that 
I‘ . . . In the 6 months period post detona- 
tion neither signific8nt gross changes nor 

pathological changes which could be definitely 
ascribed to radiation were detected in any of 
the 8ninmls.” 8 

Table 39 shows the activity of a rooster and 
rats collected 2 years post detonation.’ The 
gross activity in this rooster was 40 percent 
Of that Of 8 rOOSb3r from the txuue 1OUihty 8t 
1 year post detonation. 

Since these animals represented interesting 
casea of living continuous1y in 8 heavily con- 
taminated environment, 8 strontium-90 anal- 
ySiS W8S made 18ter Of some rats and 8 IQOSter 
collected at the 2-year period. (Table 40).’ 
Additional analysis ~8s made by AFL of a 
single rat bone specimen (Table 40). These 
data are extensive but do indicate the rels- 
tively low body burden of strontium-90. 

a 



Table 36-Mortality and External Radiation Dose of Animals From the Living Areas of Roagelap and Utirik 

T I I3rsmI A 
__ 

Exrrnnn DOUS (**DA? 

I 

m (DA? 8) I aaor (DATaa) I BlOr(DAYa) 8m(DAY 6t-68 
Or00L~lON) &lIMAld 

I Total -- 

I Totnl I Dead 
Rooeloed I 

-I- Recalvf7d 
Bao'd Total Dead 

I 
B&d Total Dead Eao’d I Total -i Dead Bao’d 

lecelvec Recalsed RCWlVed I I 

I .._______ ____.__--__. 
- 

i 
-_ 

.- _. 

._ _. 

.- _. 

._ _. 

? _. 

.a _. 

- 

TOTAL 

Dead 

- 

69 6 
Day 42 
Day 46 

-- 

1 

1 _. 

# . . 

._ 

._ 

._ _. 

r 
- 

__ 

I _. 

._ _. 

._ __ 

._ _- 

._ _. 

._ _. 

- 

-- 

,._._____ n 

.____._-- 4 

.._______ 9 

.._______ 4 

.__.____- 11 

.__--.__- 1 

(M 

1 

1 

1 

.______. 

.___.__. 

.__-__-. 

,I 11 1 1 

Day28 Day23 

.____.___ ___-___-_ 

.__ ______ __-----.- 

..___.___ 1 
Day 46 

Day 44 

_________ 1 .___.____ ____.___-_-, 

.________ ____-_-----. I 

.____-_-. 4 
Day: 

66 BOW 
6166 
69694 
6!26!26 

.__-._--- 

________. 

11 

*AdmaIn fivm Utkflr; sIl othera from Ro&ap (Oroup IV ara& arhak r&d 82 r f&mm1 dose). ‘*Day Post Dhmstlon 
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Table 37-Radiochemical Analysis of Tissues and Urine of Pins From Rongelap on 82nd D;iy Post- . 
Detonation - 

BETA ACTIVITY-D/M/TOTAL BAMPLE 

ONOOS 
AOIlVlTY 
(r lo-9 

PJg tH (25.8 km): 
Bkeletm (totau_._.__._____________ ES0 
Lirer._..___________________-______ a1 
CQlon and fxmtent#.________________ I2 
Lung wveolar)._.________ __-__-___ 1.6 
Btomscll._.________________________ 12 
Illt0sune (laMll).__________________ 2.8 
KMne9___________.________________ S.8 
RemBtning ttaues..__________-____ 600 

Total.._..________________________ 9830 
Urine sample, 24 hr________________ 13 

Pig f2.s (22.7 kgm): 
Bkeleton (total)_______.____________ 8600 
Liver_______________________________ 27 
Colon and contents_._______________ 16 
Lung (alveo~)___.___.____________ LI 
Btomach__.________________________ 2a 
Intestine (smaU)____________.._____ 25 
Kidney____________________________ 
Remain@ ti5ues_._________.______ 21 

Tot&__._________________________ 8870 
Urine sample, 24 bra_-__-_____.___ a!i 

SF 
@lo-3 

ti4ao 
0.40 

b.0 

a 22 

0.22 

0.62 

O.Zl 

_ _ __ _ _ _ _ _ 

be61 

a7 

6100 
0.53 
b.0 
0.25 
0.22 
0.a 
a 14 

.___ _ _ _ _ _ _ 

6107 
c4 

.‘_ 

B@ 
(XloJ) 

600 
0. a 
24 
0.20 
1.1 
0.50 
0.42 

_______-_- 

666 
1.2 

530 
0.20 
8.2 
0. P 
0.13 
0.88 
0.19 

._________ 

534 
Q4a 

1010 
3.4 
?I. 2 
0.8 
1. a 
0.61 
0.74 

_ _ _ _ _ _ _ _ _ _ 

1020 
1.6 

690 
6. b 
4.0 
0.33 
0.30 
0.88 
Qb2 

._--_--___- 

702 
0. b4 

BRU__ ____ __________________________________________ 620 
Ba’*________________________________________________ 6.8 
Rare Earth.____._-___-_____._________-______-__ 

c 

0.7 

78.5 

bB.0 

b.6 
0.0 

73.b 

6Q.0 

7.0 
10.5 

All valnes -ted for decay. 



BADIOACITVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FEOM NUCLEAR TESTS 

Table 38-Beta and Gamma Activity of Chickens From Rongelap (1 

1 I 
s 

HXN II HzNn HINRIO 

my ofdsatb~‘__._.__.___._._._._ Day 26 -926 ou 74 

Day s~l9z4d”_______.__________ Day 24 Day 24 _Y79 

Tilmue Be~hmm~Betao8mItuBet4twnnu 

HxNrn 

De997 

Dry 107 

%a Qsmma 

._ 1 .- 
1 

HIN 83 

Da9 121 

DaYlp 

seta Oamml 

Tibia_ _ _ ________________.________ 78ooa656 8l80 4610 I26 696 
ekeleton__________________.-______ 11020 MB00 llaw 66900 1920 6600 
Ldvex__________.__. ______._ _ ______ ll9 21 262 271 22 72 
ottzwd__________._______________ ________________ ________________ Cl 17 
ow (mr&??at)_______.________ ___ ______ _______ ________________ 6.93 - 
amp______________ __.___ _________ ________________ ____ _._._.______ 6.42 6.0 
Intesthe (L) md mntents..._,__ ________________ ________________ a62 la0 
Inteotie (8) bud mntants__._..__ ________________ ________________ L6 CO 
pancresa_________________________ _____ ______ _____ ________________ al6 - 
%pken____________ ______________ _ _ _______________ ________________ - - 
KldM!9_.__.______________________ 196 46 _____.___.___*__ L 17 9.0 
Lunga (Alveou)___._._.____ ______ 17 28 0 26 a67 LO 
Tlacbea._____.___..______________ ________________ _______._____.__ 0.24 20 
Tvbtnates.______________________ ________________ ________________ hB7 19 

266 
3370 

64 
7.0 

20 
2.0 
LO 

LO 
9.0 
20 
LO 

22 

.CMuMad ns&q mtlo 01 gunma nctivlts skeleton/tlb~ -my past deton8tlon. 

216.6 69 
a110 %6 

82 66 
6.6 7.6 
L4 - 
7.9 - 
&2 - 

- - 
- - 

142 1o.a 
L4 4.6 

10.7 a7 
l&8 7.6 

rc x 104) 

Bra h HEMP f24 

Da9 166 Day 169 

Day 1Y) my 169 

3eta Q-a Bet8 Gunma 

4L8 81.4 6&l a1 
Mm 0464 427 l ll7. 6 

17.7 Is.6 16.7 1.8 
1o.a 7.9 a.6 a6 
7.6 LZ 0 as 

l22 9.8 4.6 0 
14.0 la7 IID a29 
a4 6.4 _____________ _._ 
- - 6.76 0 
- - a26 - 

14.9 ~4 a70 a23 
6.6 42 lh8 a83 
0.9 0.2 ,- - 
-- -- 

Table 39-Summary of Gross Beta and Gamma Activity in Rongelap Island Animals (NRDL) * 

BAXPIJI 

Rooster__ _.._._._._. __._-_______. 
%knleton_____________________ 
Mn8cle_____.._._.__..______. 
08etroblteetlMl tmct.__._._. 
LIw______________._________ 
aarpirrtorytr8ct.__..._._._. 

Tobd actlvlty._...._____.__ 

aats____.._____._.______._.___._. 
EWetin._____ ______________ 
H&3d;_______..______________ 
M&.___ ________________. 
c?a&olnm w________ 
xJver__________._____________ 
Respht4Jry tlu3._.________. 

Total actIvlty___ _____ ______ 

= 

_- 

. 
_ _ 
. - 
_ _ 
. . 
_ . 

_ - 
= 

. - 

. . 

. . 

. . 

. . 

. - 

. - 
- 

1 

._._*.._... 

. . . . . ...*.. 
---......-. 

%2x, 

SJ 
lB5 
192 
82 

l -.......... . ..-.-.-.... 
-- 

4 629 
__________. Cl 
____._.____ I4 
______._._. r 26 
__________. 10 
________.__ a.6 
___________ a6 

___________/____________I 1 I64 ______________ 1 0.64 I______________ 

l de deWned on buls d OsOt standuds md mmptrical mutering and absorption mmxtion 
*Date d mlkction: February 195!3. Dste cd mrratlng: Apr-May 1966. 



INTERNAL CONTAMINATION OR’ AN- 

Table 40-Analysis of Rats and a Rooster Collected on Island of Rongelap 

Febtuoty 1868 l 

Bu: 
l&lbC-b __.-__.__________-____ I I 64.7 
l616C Carmrs._._._.._.___.________ 6226 
I6170 Q~_.._...__._._,________ 82 

Roawz 
l610 Fe.mar._ ___._ __________________ a260 
l6lO IBM.,.___._,____________.._._ UO 

642zt.za 
2lbzt62 
267391 

l.nOMa 
s. 702fllD 

a623 
a 816 

rlw 

lob&2 
272&b 

Julg 1866 * 

I 
BE+ 

I 
OALUUX I 8.0. 

Ratz 
Bone_______________.___-___ I I 644 

I I I 

l NRDL. b Does not htchde bead, femma, tibiae and vfscam. l ~wm6btof 
2 *mnr bahs. d AFL. 

-- 



During Februarv-Msv 1955. a survev was 
made by the Health and Safety Laborat&y of 
the U. S. Atomic Energy Commission and the 
Of&e of Naval Research (Operation Troll) of 
the Pacific Ocean extending from the Marshall 
Islands westward across the Pacific, northward 
to Japan, then east to SanFrancisco. 

The chart, on page 40 represents data on 
activity found in sea water and plankton. 
Table 41 shows some representative data on 
activity versus depth of water sample.lO Tables 
42 and 43 show representative data for marine 
life.‘O 

2. There is some concentration of the 
activity in the main current streams, such 
as the North Equatorial Current. The 
highest activity was off the coast of Luzon, 
averaging 190 d/mm/liter down to 600 m 
(April 1, 1955). 

3. Analyses of fish indicate no activity 
approaching the maximum permissible level 
for foods. The highest activity in tuna fish 
was 3.5 d/min/g ash, less than 1 percent of 
the permissible level. * 

Below is a summary of some of their con- 
clusions : 

1. Sea water and plankton samples show 
the existence of wide-spread low-level activity 
in the Pacific Ocean. Water activity ranged 
from O-570 d/mm/liter and 
3-140 d/min]g wet weight. 

4. Measurements of plankton activity offer 
a sensitive indication of activity in the ocean. 
On June ll-21,1956 another survey of radio- 

activity in the sea was conducted near Bikini 
and Eniwetok Atolls by the AFL. Since this 
survey was conducted during the Spring 1956 
test series of detonations, temporarily relatively 
higher activities might be expected. Table 44 

plankton from summarizes some of the data.” 

%aaod on l/IO m.p.0. of that for stomic energy workers. 

CHAPTER V 

Residual Activity in 

89 
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RESIDUAL ACTIVITY IN PACIFIC OCEAN 

Table 4l-Water Samples at Stations 
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16 
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64 
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42 
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0 
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64 

OB 
128 

160 
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a40 
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0 
9 

25 
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65 
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165 
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2m 
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0 

9 

26 
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110 
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85 
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77 
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97 

96 
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111 

llf 

lli 

11f 
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0 
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76 
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1M 
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t 
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9 

7: 
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19 
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41 
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72 
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6 
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27 
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Table 42-Radioactivity by Tissues of Yellow& Tuna and Shark kom the “TROLL” and Other 
Areas. Values in Disintegrations per Minute per Gram Wet Weight 

-._ AIIA 

Ydlownn Taos 
otl Mcmtel...._____. 

Do_.-_____-___. 
Do._-_.____.__.. 

A~_-____...___. 
Edwe.tok.________-. 
POMp@___._____-_._. 

8 17 10. 
0 7 a 
0 6 l3. 
6 10 10. 

272 90 

4-l-M -_____- I 0 19,16 14 10 4% 44 
4-l-65 _______ I 4I9 48 40 14 16 
M-b6 - _ _ _ _ _ _ 2 1921 48 0.22 10, P 

_ _ _ _ _ - _ _ _. : 2 Ia 0 10 11 
M!Ui6 1 786 70 as mJ lgL0 

l2-16-u 8 -___ __ ___. 79 .__-m--m_ 101 742 

(~ffhw 
aherk 

Btatlon 4__..____._____. 3-14-s5 -______ 20 !a 16 __-______-_ 19 ._____ -__ 8 Cucharhlnue.. 
BtatlonPA._____._____. 2-18-U _._--_- 11 10 11 0 18 ._______ _ 
Btatlon9A.__.._.._.__. 3-18-55 16 32= 19 4 !a3 

I I 0 menlsorreh. 
-___-_. _ _ _ _ _ _ _ _ __________-. __---_____-_____________ 

station IO._...__.____._ 3-l&56 -______ 0 18 19 0 49 .__-- --_. 0 
6tfdlon 161_._.._.._._.. 3-24-M ____--- In x3 lo e 4 _ _ _ _ - - _ _ 62 
Ehtion 29.___._._._.__. 4-l-65 - . _ - _ _ 44 11 18 a w .____ --__ 89 
Aversge__.____...__.___ __ ____ ___ 6 44 18 20 4 27 . _ _ _ - - - _ _ P 
Blkhl.___.._.....__.__. 12-5-64 -______ -____.___ 142 .________ ___________ 67l .________ ____________ 
Ftonpelap.____..____.__. l-29-55 1 687 l26 191 2x370 490 _________-__ cucharhinns 

DleJmoptems. 
Entwetok...____...___. 12-I-64 1 1320 173 .____ ____ ‘128 ls900 s83 I 1 _____ ______ _ 

mvr: 
6Lln.___.._._.._._..___~______ 

Moscle..-_. __.__ ___ __-._____ _ 
B~~_._._.______.______~______ 
LlV~___._._.._____.______~ ____ 
0. I. act_.___._.._..________. 

OVAY: 
s~___._._.__.___.__~____~__. 
MuJck_._.._____.__.____~____~ 
Bone.._._.._.___._______~~__~_ 
Ll~__._________.____________~ 
o.I.kact___._______ ____ ______ 
Entire....._._._...___~-~~ _____ 

Pulrcx VZLA: 
0. Bkh_____*_____.______________ 

Muscle.___...__..._.____ __--- 
By_____.___._____-_________ 
lvar_-._______...____________ 
Q.I. tnrel._._..______._______~ 
Enllte_._________.____..__..__. 

OUNAWA: 
6nn.____._______________~___. 
Mnsb.__._.____..___________~ 
Bow.____.____.______________. 
Llva-_-._ ____ _______________ 
0. I. t?ect__.._______.__~_____. 
Entlra.__.._..____..___~______. 

Lram 
MvecLI DAu BziP. LtTII 

KVELI . l%“, CioluD UrLL 

Table 43-Observed Values of the Radioactivity of Tissues of Reef Fishes by Area and Species from 
the “TROLL” Collections. Values in Disintegrations per Minute per Gram Wet Weight 

48,16,45,29,83. 
12,14,18.1~ ll_. 
10. s?, 39,42,0. - 
70, 6&m, 62,53. 
33, ‘28.31,10,18. 

10, 18, 24_.__... 
14,12,12.______ 
28,45,13..__-_ 
r&27, bl.__.__ 
105, 82.-_..___. 

4.6~._.._._.___. 
4x3 ._____- _____ 
7.e_____..______ 
12, o_______...__ 
6,88.._..______. 

17, o.___..__._.. 
13, Q..._..._.__. 
0, o..__._______. 
12,0_.__.___.__. 
1o,ls._._..____. 

Lkmad 

26_...._......__ 

4._._.~_.._._.__ 
26__..___._.___ 
m_._...__.__.__ 
49..__._...._.._ 

n____._._.__.__ 
l?___._______.__ 
4o_______.___.._ 
4cs._._____._.__ 
P((____________ 
194,160,144,184 

an. 

_-_-_-____-_-___ 
86___.______.___ 

6___-.________. 
lS_......_______ 
O_.___.________. 
19_._.___.._.__. 
P______________ 

Qmpn 

48.__._________. 

9___.._.._.__._. 
86___..__._____. 

323._._____.___. 
lO__.__.______. 

I& IS, 0,14.18.. 
qw,e,12,14._. 
30, al, 17,0,172 
1,65,98,138,81 
IO, 12,e. 79,182. 

--_____________-. 

14,15____.__.__. 
10.14.-_.____.. 

s. 2l..__._.___.. 

I &?dinai 

I__________________ l3,17.1s,0.6.__. 
__________________ 2l,6,12,6,10 ___. 
_________________- ao.l2,l8, a-. 
_ ___. _____________ 0,0,0,10,a1_ ___. 
_________________- &?,za,44,~7--. 
18,0,12_..__._._ _________ ___-____ 

I .___---__- _______-_- 
._________ __________ 
.____--____---_____I 

._________ __________ 

I .__----___ ---______- 
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Table 44-Avera e Value of Gross Fission Products for AII Stations for Plankton, Residue From 
Water, and P &red Water (Less KU) as of Date of ColIection Uune 12-2 l), 1956. (AFL) 

Depth in mcttr8, O-&XI plankton dlmjg (u&J 71000. .._ 
l 

BItaDlJI TxoY WAru FILTn, WATSB 
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CHAPTER VI 

Return of Rongelapese 

One of the major consequences of the heavy 
fallout on mrne of the Marshall Islands in March 
1954 was the evacuation of their inhabitants. 
The 154 personnel from Utirik were returned to 
their island in June 1954. However, the con- 
tamination of the Rongelap Atoll wae appre- 
ciably greater than at Utirik, therefore it 
was not advisable to return the Rongelapese at 
that time. Since then the contamination has 
decreased, aa shown by the data from the fore- 
going surveys, to a level where return was per- 
missible. The discussion below srmunarizea the 
factors that led to this decision.* 

A. Medical Status of Rongekpese 

Relevant to the considerations for the return 
of the Rongelapese to their home island was the 
body insult they previously sufIered from radia- 
tion following the fallout of March 1, 1954 and 
their present body burden of radioactive iso- 
topes. Below are summarie.s of the Cxlings 
over a two-year period. 

Of the Rongelapese exposed, 64 received 
about 175 roentgens, and 18 people about 69 
roentgens whole body external gamma radia- 
tion. The clinical findings showed, “. . . The 
more seriously irradiated individuale had initial 
symptoms of anorexia, vomiting and diarrhea 
which subsided without treatment within 2 
days. The same individuals dowly developed 
granulocytopenia and thrombocytopenia unas- 
sociated with secondary complications. The 
only other manifestations of radiation exposure 
observed were skin lesions and epilation, . . . 
The incidence of infectious and noninfectious 
disease in the more severely exposed groups was 
no greater than that in the least exposed 
group. . . . “0 

The skin damage observed was aa follows: 
45 individuals~uperficial lesions 

13 individuals-deep lesions 
6 individuals-no lesions 

35 individuala+3ome degree of epilation 
As the Marsha&se continued to live on the 

contaminated islands for the two days before 
evacuation some radioactive materials were 
taken internally by inhalation and ingestion. 
Table 45 shows the results of urinalysis of 
Group I (the 64 Mamhallese exposed to 175 
roentgens) and Table 46 the estimated body 
burden.8 The major fIndings on internal con- 
tamination were as follows: 

‘I . . . The total amount of radioactive ma- 
terial in the G. I. tract at one day post detona- 
tion was estimated to be 3 mc in people from 
Rongelap. This activity was contributed chiefly 
by isotopes of short radiological and biological 
half-life and limited solubiity, and thus the 
levels of activity in the tissues of the body were 
relatively low. The concentration of radio- 
kotopes at 6 months post detonation wae barely 
detectable in the urine of most of the exposed 
individuals. 

“The estimated dose to the thyroid from IM1 
and other short-lived iodine isotopes was lO(r 
to 150 rep for the Rongelapeae. Iodine is prob- 
ably the most hazardous internal radioemitter at 
early times after exposure. The dose to the 
thyroid, although greater than tolerance, was 
low compared to the partially or totally ablat- 
ing doses of I”’ used in the treatment of hyper- 
thyroidism or carcinoma.” ( 

At one day post detonation, the ooncentra- 
tion of SP was calculated to be near the maxi- 
mum permissible level for this nuclide. At 
later times following exposure, this longer-lived 
fission product presenta the greatest potential 
in ternal hazard. 

45 
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I 

Table 45-Grass Beta Activity in Urine of Group I on 46th Day Post Detonation 

TOTAL 
OurNo. VoLmr 

nhn(mU 

Als<Jrn 
L._______....._.___.___________.____._ ____ _ no 
a__.._____.~__.______________ ___. _ __________ lda 
b _____________.______~_~_~~__~~~~~~~~~~~~~.~ lbB 
P...____.*._ ___-_ _____ ___________________ __ ul 
aa_ _~___________~____~_~_~~~_~~~~~_~~~_~~~~~ mo 
bL_.________ ___~___~_~_~_~~_~~__~~~~.~~~~~~ 80 
atl _________~___--____~~~~~~~~---~~~~-~~~~-~~ 466 

I 
Meall.___.___________________________ 168 

w ____._______________________~~~~~~-~~~--~~ 
m____.*_._.__._.___________________________ 
s5 ______________-____-_________-___________ I 
ab____._______..._________________________._l 
s___..__.__.___.___________________________l 
47__________.____..__________-_____________I 
b7.._________....___________________________ 
72____.____-___.__-____-___-__-_--___ 
76 __________________________________________ 
76__-..___..______.__________-____________ 

Mem____._..._.____.____~_________- 4% 

lmx 
c 

lo3: 
C 

ZBI 
lloc 
170! 
674 
m 
( 

Ill3 

7E4 

“Analysis of the internal contamination indi- 
cates that the dose to the tissue of the body 
~8s near, but, with exception of the dose to the 
thyroid, did not exceed the maximum permir+ 

:-, -. .-@ble dose levels. The activity f&d in the 
_ . . .___.__body decreased rapidly as a function of time. 

The contribution of the effects of internal con- 
tamination to the total radiation response ob- 
served appears to be small on the basis of the 
estimated body burden of the radio-elements. 
I~I view of the short h8lf-life of the most abun- 
dant fission products in the situation, the possi- 
bility that chrcnic irradiation effects will occur 
is quite small. . . . “* 

These data suggest a low relative hazard 
from internally deposited radioisotopea since 
the values for maximum permissible concen- 

I TOTAL 
016~ No. V0Lux2 

WhnW 

Lzzicct- 
7..________.._.___ ____ ______________ _____-_- 

o_._._______________________________________l 
lo____._.____._____________________-__-- 

ll_______-_..__.______-___________.___-___ 
l2_._________-__..-_-____________--____ 
14.__________-__-____-_______-__________ 
l8._____._._..___._-________-_____-______ 
P____.___________.______________________.__l 
8_._..._._._.___________________ ___.__ _____ 
M.____________.________________________-__ 

a7____________.__________-______ ___.___-__- 
4o________._____._____________-___-___ ____ 

.16._..____._____________________________-__ 

#_._.___..__.. _________--_ *____ ________-___ 

b2____.._________________-_______-____-__ 
Sk.__ _______________________~~_~~~-_~~~-~~~ 

~__...___..__..___~_____~__ ____ _-_-_ _______ 

67_._....___.__.____________________________ 
68____.__.____._______________-____________ 
o____..__..____.___-____________-_________ 
82____.._______._.__________________________ 
62_____________.________________________~___ 
68.___.______________________________-___- 
68.._______________-___-__-___-____-___ 
71____._____________________________________l 
rn_....___.____._._._____~______ ____ ________ 
78_.._.___.____,_ ____ __-_-_ __-- ____- ____ -__- 
7o______._____.__________-__~-___-___-__ 

80.__...__.____._________~___~________ ______ 

s2_________________.____~-__-_~- ____ ___ 

466 
SlO 
w 

460 
ma 
no 
46 
47 

mo 
4e.l 
6bo 
ml 
426 
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s20 
700 
MO 

7E4 
a0 
98, 
6a5 
655 
KCI 
!W 
90 
966 
4&l 
640 
670 

Mean_._..__.__.__.______ ____ ________ I 631 

BITA 

csg$zI 

664 
1'IoD 
201 
MS 
lb82 
l677 
2460 
l670 
77 
422 
670 
792 
1450 
495 
0 
a 

lc&l 
Szal 
1091, 
n7O 
tm 
l985 
2x0 
1716 
2010 
1450 

0 
62 

m28 
lx3 
2lftJ 

lm 

trations are baaed on the concept that these 
levels will be maintained indetitely. 

The report stated, “-The total white count 
increases during the fl.rst .9 or more days and then 
decreases below normal levels. -The count 
becomes stabilized during the 7th or 8th week 
at low levels, and minimum counts probably 
occur at this time. A definite trend upward is 
apparent in the 9th or 10th week; however 
complete recovery may require several month8 
or more. 

“The neutrophile count parallele the total 
white blood cell count. Complete return to 
normal values does not occur for several months 
or more. The initial rise in total white count 
is due to 8 neutrophihc leukocytosis. 

POE ARCHIVES 
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“The drop in lymphocytes is early and pro- 
found. Little or no evidence of recovery may 
be apparent several months after exposure, and 
return to normal levels may not occur for 
months or years. 

‘The platelet oount, unlike the fluctuating 
total leukocyte count, falls in a regular fashion 
and reaches a low on the 30th day. Some 
recovery is evident early; however, as with the 
other elements, recovery may not be complete 
several months after exposure. . . .“8 

At one year later the Ma&u&se were re- 
examined with the following conclusions: 

“-In general, the Marshallese have recov- 
ored satisfactorily from the radiation injury 
received during March 1954. Visible residual 
efIects are limited to a few areas of depigmen- 
tation and two small, distinct scars from radi- 
ation burns, one of which will possibly require 
plastic repair. 

“Neutrophil values have returned to the 
normal range of the control population. All 

Table 46-Mean Body Burden of the Rongelap Group 

BADfOL9OTOPE 

Se__________________________________________ 0.19 
Balw__________________________________________ 0.021 
Rare Jktb chwJp____________________________ 0. M 
Im (in thJroid)-_______._____________________ 0 
Bum.________________________________________ _____________ 
Cam____________________-_________________- 0 
Fi55e material.______________________________ 0 

*Extrapolated from 82d day. 

2.2 
0.34 

_____________ 
11.2 
0.013 
0.019 
0.016 mm@ 

other members of the leukocyte population 
and the platelets remain below the levels for 
the control population; however, levels are 
higher than at 6 months and, presumably, will 
soon be in the normal range.“” 

At two years the examination showed that, 
“In general, the people of both exposed and 
control groups appear to be in good health and 
nutritional status.“” 

A 77-year old man showed a history of paresis 
of the lower extremities. The symptoms sug- 
gested that, “These findings can best be 
explained on the basis of a cerebrovascular 
accident.” I4 Au &year old boy was hos- 
pitalized with acute rheumatic fever and 
cardiac decompensation. “The diagnosis of 
rheumatic heart disease with mitral stenosis 
and insufliciency was substantiated and at the 
time of the examination, the boy was fully 
active without evidence of decompensation.” l4 
A 46-year old man died on May 13, 1956, of 
heart failure. It was concluded that, “With 

the exception of the residual of skin lesions, 
none of the clinical findings in the exposed 
group could be attributed to the effects of 
irradiation.” la 

In regard to skin lesions it w&s reported, 
“Some residual lesions are present in the 
Rongelap people. . . . The majority of all 
show improvement. Almost all of the early 
superfkial lesions are completely healed at this 
time without any apparent residual chang 

“% 
-- - .- --- . 

There appears to bc no evidence of an __-._ - . . . 
change which would suggest malignancy.” ** 

Urinalysis was made about two years after 
the March 1954 detonation, for people living 
on Utirik and Likiep Islands, for the Rongel- 
apese living on Majuro Island and for personnel 
at HASL (Table 47).& l4 It is recognized that 
these are limited data, but the values for the 
HASL group show the general world-wide dis- 
tribution of the fallout debris, and indicates 
that the SF’ activities found in the Pacific 
group are probably more the result of living in 
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Tmble 47-NRDL Marshall Island Resurve~l956 Results of Analyses of Human Urine Performed 
8t HASL 
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wJl__.___. 4 

2402_______ 9 
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3413___.___ 6 

w4_______ 3 
)ub_______ 2 
34x______ 7 
34l7_______ 10 
24lB_______ 9 
2u9_ ______ 49 
3&O__.____ 36 
2421_______ 26 
3423-______ 76 
-- 

- 

UW....... 2_11-66__._._ A_____________________ 4 
.__.do ____ ___ 2-lldd____._ B.___. ______ __________ 2 
.__.do...____ P&66._____ C_.._______.__________ 12 
___.do ___. ___ P-11+6____._ D_____ _______ _________ 27 
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___.do...____ 2-11-f&___._ L...._._..______._.___ 6 
_._.do...____ 211-b6._____ M...._________________ 1 
____do .___ ___ 2-ll-b6.___._ h’._...__________...___ 26 
___.do...___. 2-ll-56.__... O.._______._________.. 13 
___.do .___ ___ 2-11-66 ____ __ P...___ ____ ___________ 35 
___.do.._____ 2-11X&_____ Q_________.___________ 45 
___.do...____ 2-11-66 _____ _ POOLED._._________ _____ 
Mafum***_ _ 2-29x&_____ R.____________________ 24 
.__.do...____ 2-‘&W&___._ S..____________________ 31 
___.do...____ !&29-X___._ T.._____________._____ 3 
___.do ____ ___ 2-2h56._ ____ U_____________._____._ 13 
___.do._.____ 2-29-S.___._ V_.___________________ 11 

- 

coneol.____ 3-26+x_____ Pooled aample ml- _____ 
hted at HASL. 

___.do...____ Jane 19X.._ ____.do.________________ _____ 
____do.._____ June 1956.___ .___.do...______________ _____ 
___.do ______ Jnne1956._._ ____.do...______________ _____ 
___.do...____ June 195&e_. ____.do...__.___________ _____ 

- 

1 

.- 

_- 

-1 

TOTAL 
VOLUME 
BECEIl-ED 

(a 

190 
266 
670 
446 
135 
180 
285 
810 
340 
fL!O 
260 
2m 
l&l 
235 
23.5 
410 
&m 
190 
990 
96n 
m 

1,m 
930 
990 

8-25-M 
a4546 
8-2.54 
wz5-!% 
a4540 
a2.s56 
8.4-56 
8-25.56 
s-25-56 
825-56 
a2556 
a2t56 
a2556 
8-2546 
a2H6 
a2546 
a3546 
a-2546 
a2546 
lt2.556 
a2556 
a2556 
8-25-56 
a25-56 

.__ _____ 

. _ _ _ __ _ - 
-_.__-_ - 
. _ _ _ _ _ _ - 
. _ _ _ _ _ _ - 

88oM360 6Jm3z100 

2930&230 5100 
l33cm+320 ____ _ _____ 
82oMa60 /j _<lOo 4.7M.i 
7soOzt240 ____ _ _____ 
24Ook240 _ - - __ _ _ _ _ _ 
116Mzoo __________ 

t 

.4+0.1 
?2a%tz4cl _ - - _ _ _ _ - _ _ 
l_ ___ __ __ ___ 

(25M250 <loo L6ztcl.d 

___________ __________ 1.&O.; 
___________ __________ 1.9+0.: 
___________ _____-____ 1.CktO.: 
_______.___,__________,________. 

7Z&tlb 

148is3 

za62f45 

83zk.3 

2933 

____-____ 
_ _ _ _ _ _ _ _ _ 
-----____ 

3oH 

*Direct plating. l *c!arbon.ate precipltatkm. ***Rougelap natives. 

an environment of continual intake and excre- 
tion rather than the results of body elimination 
of previously deposited SF. 

B. Medical Surveillance 

When the Rongelapese were returned to their 
home island, it was planned to inaugurate a pro- 
gram of continuing medical inspections. The 
Rongelapeae would be examined once a month 
by a Marsha&se practitioner and complete med- 
ical examination performed once 8 year by an 
American physician. Arrangements would be 
made for urine collections and analyses every 
three months for the first year and afterward 
on a yearly basis unless the &dings indicate 

the necessity for more frequent analyses. A 
radio would be provided on Rongelap for com- 
munication with the Trust Territories Of&e on 
Ebeye (Kwajalein Atoll) where a plane would 
be available at all times for any emergency. 
A fully equipped dispensary would be provided 
on Rongelap and an experienced health aide 
(a Marsha&se) would be present at all times. 
Before their return, the Marshall-e would be 
given a complete medical examination, and 
immunized against smallpox, typhoid and 
tetanus. 

C. Environmental Contamination 

The degree of contamination on the home 
islands of the Rongelapese was considered 



RETURN OF RONQELAPEGE 49 

according to the external gamma dose rate and 
the amount of strontium-90. 

1. EXTERNAL GAMMA DOBE RATES ON 
RONQELAP ATOLL 

The external gamma dose rates at three feet 
above the ground on the Island of Rongelap 
are shown in Graph I. It would be expected 
that this curve would flatten out with time 
due to the dominance of the cesium-137 with 
its half-life of 27 years. The. latest survey of 
the Ronge1a.p Island at the end of July 1956 
showed a range of values from 0.2-0.5 milli- 
roentgen per hour, with an average of 0.4 
mr/hr. However, the graph suggests an antici- 
pated dose rate at the July 1956 survey of 
about 0.1 mr/hr. The higher value found is 
undoubtedly due to the small additional fallout 
that occurred during Operation Redwing. 
Since this was relatively fresh radioactive 
material, the decay should be more rapid so 
that the dose &es on Rongelap Island at the 
time of repatriation should be less than 30 
milliroentgens/week. 

The. maximum permissible external gamma 
exposure to adult workers recommended by 
the National (U. S.) Committee on Radiation 
Protection is 0.3 rem/week with an added 
restriction that the’ maximum permissible 
accumulated dose in rems, at any age is equal 
to five times the number of years beyond age 
18, prdvided no annual increment exceeds 15 
rem. (This applies to all critjcal organs except 
the skin, for which the value is double.) The 
maximum permissible exposure for the popula- 
tion 8s a whole from all sources of radiation, 
including medical and other man-made sources, 
and background ahall not exceed 14 million 
rem per million of population over the period 
from conception up to 8ge 30, and one-third that 
amount in each decade thereafter. 

It is difficult to extrapolate precisely far into 
the future, but the data suggest that the gamma 
doses on Rongelap Island would not greatly 
exceed (if at all) 0.5 roentgens for the Crst year 
of reoccupancy, with lesser doses in subsequent 
years, plus some additional whole body dose 

from. intem8l.l~ deposited cesium-137.’ The 
gamma dose rates on other island of Rongelap 
Atoll have not been followed as closely as on 
Rongelap but the data suggest the relatiue dose 
rates now are the same as measured in the &-st 
part of March 1954; i. e., the highest activity 
on any island is about a factor of 12 higher than 
Rongelap. The Rongelapese go on fishing ex- 
peditions to other islands, including those show- 
ing both higher and lower activity. However, 
these Rongelapese spend an appreciable part of 
their time in boats over water where the external 
gamma activity is near background values. 
Thus, the yearly average for these probably 
would not differ greatly from those on Ronge- 
lap Jsiand. 

2. STRONTIUM-90 

a. Food Supply 

The basic data on the normal food supply of 
the Rongelapese are contained in Table 48. 
There are wide variances in the data so that 
estimated average values are used. This is not 
an unreasonable approach since it would be 
expected that the food actually consumed would 
be about 8s variable as the individual samples 
collected for analysis. As will be seen below, 
these estimates could be in error by a factor of 
several without changing the conclusion. 

The isotope of principal concern in the food 
chain is strontium-90. For an adult worker 
the maintained maximum permissible body bur- 
den is 1,000 Sunshine Units (1,000 micromicro- 
curies of Srw per gram of calcium). Values for 
maximum permissible exposures to the general 
population are. l/l0 that for adult workers, or 
100 Sunshine Units, maintained level in the 
body. The National (U. S.) Academy of 
Sciences report stated, “. . . There seems no 
reason to hesitate to allow a universal human 
strontium-burden of l/10 of the permissible 
. . . ” for adult workers. This corresponds 
to the 100 Sunshine Units. 

Wamms doe rates at three feet above the ground on the Island of 

Rmgelap In Jane 1%7 were ad follows: 

H&b& rrad@ o.la mr/hr 

Lowest reading 0.01 mrlhr 

~vemge readiDg 0.03 mrlhr 

POE ARCHIVES 
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Table 48 indicaka that the average conc8n- data on land crabs ahown in Table 48 are from 
tration of strontium-90 in the total food supply the Island of Kabelle which is more heavily 
might be leas than 360 Sunshine U&s. (The contaminated than the Island of Rongelap).’ 

Table 48LEstimates of Contamination of the Normal Food Supply of Rongelapese 

LELsh.._..__.___..___________~~_~~__* __.______ _ -___-__ _________ 
PandanuS.__.___._______________________________~_____________ 
clsms...___.___._____________________________________________ 
~owrwt_______.__._________________________________________ 
Wild biida (muwle).__.__________.____.______________________ 
hnd crabs__________.______________________________~______~__ 
Ooconut meat end m[ll.___.____._.___________________________ 
Breadfruit_________._______________ ____ ______________________ 
Imp&Ml: 

Ria._____________________________________________________ 
Floar.__.___._____.______.______~_._________________~_____ 

cannedbeei._____..______________________________________ 

Muk.___._________________________*_______________________ 

~dines___________.__________________*___________________ 

BbO~_.._.________.___.__________________________________ 

coffet______._______._____________________________________ 

Tee_______________________________________________________ 

La 

0.X 

0.1 
0.09 
hoe 

l 0. cn 
0.02 
0.01 

0.1 

B 

CAUXUM 
conrrh7 

PSW 
ret *& 

0.001 

0.001 

0.m 

‘ o.ocm 

0. OcQl 
0. uJ4 
aal 
0. al@3 

4OXll 

0 

DAILT IN- 
AU OT CA 

-1 

0.a 
0.10 
0.018 
0.025 
0.004 
O.&S5 
0.004 
0. OCQ 

4.04! 

D 

FuCllOR 
o? Torus 
DA INTAXZ 

0. w5 
0.184 
0.021 
0. a29 
O.CUM.5 
0.063 
0.0346 
aa 

?. 72 
bQ2.0 

a II 
7. = 

b l 1.22 
(252 0) 

0.02 
a88 

l Average wlum. 
b These date are from Wand of Kabelle (no date from ieland of Fang&p for July 19% nnvey). Oenaal amteminstion of island of Bongelap ir 

&xxt ooc4th that of gSt=&. L.egoon water around these islands do not show ss great B difference in activity. 
* Thase are land u&e from island of Kahelle. The strontium-90 coacentmtiian ts blgher than from earlier wroeyq ahlcb le contrary to the pht 

activity as well aa ta the soil, and marine life data. 4t has bees &im~&M that about me-third of the intake of crab meat b from ocean anbs Whkh 
have very little strontium-20 content.) 

l Estimated. 
~IlnmrPno~partdthfs~~emaybeaeacrabs(whichamtatnoansiderahlyleasBrr)batIsrsauDedhaetobe~~dcra~. 

However, if crabs were eliminated from the diet, 
the intake might average about 107 Sunshine 
Units. Further, elimination OF restriction of the 
consumption of pandanus would reduce the 
strontium-90 intake to well under 100 Sunshine 
Units. 

b. Esti~d Fuiure Body Buden of Strontium- 
90 

Three principal factors are operative in esti- 

-l’erS h ~lme doubt coaalnu the care& lburltfmnuJ iwtivlty lo 
the kad aabs, tic@ the valued are higher than for previous sm-vem 
rhlcb Is omtrafy to sll other data AddItIonal aurveya should ckuify 
Thea point.. In uly event the land aabs teNed are from the loland of 
K&Mle. (There were no mIlectlons of land cmbe made on Rongelap 
Inland during the last survey.) The gcaaral ccnlamlnetlon on Etongelap 
Is *boot oat-!lftb thst cf ICebelle. The different In strontlmn-90 con. 
tgltmaynotbe~~tu~bat~m~srelandaahsltvonfd 
be cxp+&ed thoee on Bow&p ‘Island tc be lower than on K&elk Ieland. 

mating the future body burden of strontium-DO 
of the Rongelapese: 

(1) Although precise values have not been 
established, there may be a discriminatory 
factor of several between Sr/Ca ratio in the 
food supply and that found in the bones.” 

(2) If the Rongelapeae were returned to 
their honie island, their diet would be suppie- 
mented by imported (relatively uncontami- 
nated) foods, especially rice. Also, the 
cisterns would be cleaned out and refilled 
with fresh water as well as having new 
cisterns built. 

(3) Despite the wide variances in the data, 
analysis of the results from all of the surveys 
on the Pacific Islands shows a general decline 

DOE ARCHI- 
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of W’ with time in the food chain (except 
.tie land crabs). 
Although there is obviouely 8 certain degree 

of uncertainty, the above data and estimates 
indicate that if land crabs are ehninsted from 
their diet, the estimated future body burden 
of the Rongelapese would be substantially less 
than 100 ~c of SroO per gram of calcium. Limit- 
ing the intake of pandanus would further reduce 
the estimated Srw intake. By means of the 
continuing medical examinations described be- 
low it would be possible to note any tendency 

of untoward accumulstion of etrontium-90 with 
time, and appropriate action would be taken 
before excessive levele were reached. 

C. Radiolo&d Resw0gr8 

Plane are currently being devizloped for 8 
continuing and long-range program for radio- 
logical resurveys on and around the Marshall 
Islands. The principal objective will be to 
monitor the environmental contamination eape- 
cially for strontium-90. 
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